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PREFACE
In  1977, the  n a t i o n a l  i n j u r y  r a t e  f o r  workers  i n  r e n d e r i n g  p l a n t s  was r e p o r t e d  to  be  a lmos t  twice  t h a t  r e p o r t e d  f o r  t h e  m anufac tu r ing  i n d u s t r i e s  s e c t o r .  The need to  a s s e s s  and i d e n t i f y  the  u n d e r ly in g  causes  of  t h i s  h igh  r a t e  and p ro v ide  recommendations to  reduce  the  in c id e n c e  of  t h e s e  i n j u r i e s  prompted t h e  N a t ion a l  I n s t i t u t e  f o r  O ccupa t iona l  S a f e ty  and H ea l th  (NIOSH) to  su rvey  r e n d e r in g  p l a n t s  and a s s e s s  t he  o c c u p a t io n a l  h az a rd s  of  the  r e n d e r in g  p ro c e s s .  This  document c r i t i c a l l y  rev iews the  s c i e n t i f i c  and t e c h n i c a l  i n fo rm a t io n  conce rn ing  mechan ica l  i n j u r y ,  p h y s i c a l  agen ts  (eg,  n o i s e ,  h e a t ) ,  and b i o l o g i c a l  and chemica l  a g e n t s  i n  the  r e n d e r in g  w orkp lace .  Chapter  I I I  o f  t h i s  document, e n t i t l e d  H ea l th  and S a fe ty  G u i d e l i n e s ,  i s  p rov ided  so i n d i v i d u a l s  immedia te ly  r e s p o n s i b l e  f o r  haza rd  c o n t r o l  i n  t h e i r  s p e c i f i c  workplace  w i l l  have a b a s i s  on which to  fo rm u la te  t h e i r  own o c c u p a t io n a l  s a f e t y  and h e a l t h  program. Employer knowledge of  and adherence  to  t h e s e  g u i d e l i n e s  w i l l  reduce  adve rse  e f f e c t s  on worker s a f e t y  and h e a l t h .  Th is document i s  a l s o  in tend ed  f o r  use  by u n io ns ,  i n d u s t r i a l  t r a d e  a s s o c i a t i o n s ,  and s c i e n t i f i c  and t e c h n i c a l  i n v e s t i g a t o r s  to  f u r t h e r  t h e i r  own o b j e c t i v e s  i n  p ro v id in g  f o r  a s a f e r  workplace .  Fur therm ore ,  i t  i s  in tend ed  to  a s s i s t  t he  O ccupa t iona l  S a fe ty  and Hea l th  A d m i n i s t r a t i o n ,  US Department o f  Labor,  i n  i t s  s t a n d a r d s  development and compliance a c t i v i t i e s .
C o n t r i b u t io n s  to  t h i s  document by NIOSH s t a f f ,  o t h e r  F e d e r a l  agenc ie s  o r  d ep a r tm en ts ,  t he  rev iew c o n s u l t a n t s ,  t he  N a t i o n a l  Renderers  A s s o c i a t i o n ,  and The Uni ted  Food and Commercial Workers a r e  g r a t e f u l l y  acknowledged.
The views and c o n c lu s io n s  exp ressed  i n  t h i s  document,  t o g e t h e r  w i th  the  recommendations,  a r e  tho se  o f  NIOSH. They a r e  no t  n e c e s s a r i l y  tho se  of  the  c o n s u l t a n t s ,  t he  rev iew er s  s e l e c t e d  by p r o f e s s i o n a l  s o c i e t i e s ,  o r  o th e r  F e d e r a l  a g e n c ie s .  However, a l l  comments, whether  o r  n o t  i n c o r p o r a t e d ,  have been c a r e f u l l y  c on s ide red .
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This document reviews in f o rm a t io n  on o cc u p a t io n a l  haza rd s  a s s o c i a t e d  with  the  ren d e r in g  of  animal m a t e r i a l  and recommends g u i d e l i n e s  fo rp re v e n t i n g  i n j u r y  and i l l n e s s  in  r e n de r in g  p l a n t  workers .  The major hazards  in  re n de r in g  p l a n t s  r e s u l t  in mechanica l  i n j u r y ;  they  inc lude  wet and s l i p p e r y  s u r f a c e s ,  l i f t i n g ,  push ing ,  and p u l l i n g  l a r g e  and heavy c o n t a i n e r s  and c a r c a s s e s ,  s k in n in g ,  h ide  trimming,  g u t t i n g  and boning dead s t o c k ,  and the  moving p a r t s  o f  p rocess  equipment to  which workers may be exposed.  Burns may r e s u l t  from c o n ta c t  with  b o i l e r s ,  cooking v a t s ,  andsteam and hot  w ate r  l i n e s .  Heat s t r e s s  may r e s u l t  from exc e s s iv e  exposureto  h ea t  gene ra ted  by p roce ss  equipment.  Exposure t o  nu isance  d u s t ,  e x c e s s iv e  n o i s e ,  and e l e c t r i c a l  shock a l s o  occu rs .
; When p ro ce s se s  do not  e f f e c t i v e l y  con f ine  f a t  m i s t ,  r e n de r in go p e r a t i o n s  a re  e s p e c i a l l y  v u l n e r a b l e  to  f i r e ,  which may r e s u l t  from e l e c t r i c a l  s h o r t  c i r c u i t s  and from maintenance  o p e r a t io n s  such as welding and c u t t i n g .  M a te r i a l s  i n  p e r c o l a t i o n  (p e rc )  pans may a l s o  spon taneous ly  i g n i t e  and cause  f i r e s  i f  they a re  not  p rocessed  prompt ly .
I n f e c t i o n s  r e s u l t i n g  from organisms a s s o c i a t e d  w i th  animal m a t e r i a l  occur o c c a s i o n a l l y .  Workers may a l s o  be exposed to  chemicals  g e n e r a l l y  a s s o c i a t e d  with  c leanup  o r  maintenance a c t i v i t i e s .  Under c e r t a i n  c o n d i t i o n s ,  hazardous gases can be gene ra ted  by anae rob ic  r e a c t i o n s  dur ing  the  h o ld ing  of  accumulated o rgan ic  raw m a t e r i a l s .
Rendering f a c i l i t i e s  a re  of  two ty p e s ,  those  d i r e c t l y  a s s o c i a t e d  w i th  meatpacking and p o u l t r y  s l a u g h t e r i n g  and d r e s s i n g  o p e ra t io n s  ( o n s i t e )  and tho se  t h a t  a re  independent  o f  t h e se  o p e r a t i o n s .  There a re  approx im ate ly  3,000 workers a s s o c i a t e d  w i th  o n s i t e  r en d e r in g  f a c i l i t i e s  and about 9,000 workers a s s o c i a t e d  w i th  independent  r e n d e r in g  f a c i l i t i e s  in  the  Uni ted  S t a t e s .  Rendering p ro ce s se s  a r e  c l a s s i f i e d  acco rd ing  to  whether  i n e d ib l e  or  e d i b l e  p roduc ts  a r e  produced.  The major i n e d i b l e  f a t  p roduc ts  a re  g re a s e  and i n e d ib l e  t a l l o w ;  major i n e d i b l e  p r o t e i n  meal p roduc ts  a re  meat meal and meat-and-bone  meal .  Ed ib le  p roduc ts  inc lud e  l a r d ,  e d i b l e  t a l l o w ,  and c e r t a i n  p ro te in a c e o u s  t i s s u e s .
Based on in fo rm a t io n  from the  a v a i l a b l e  l i t e r a t u r e ,  rev iew er  comments, and p l a n t  s i t e  v i s i t s ,  NIOSH recommends g u i d e l i n e s  fo r  eng ine e r ing  c o n t r o l s  and work p r a c t i c e s  to  reduce the  number of  i n j u r i e s  and i l l n e s s e s  in re n de r in g  p l a n t s .  Recommendations fo r  t r a i n i n g ,  p o s t i n g ,  p e r sona l  p r o t e c t i v e  equipment programs,  medical  s u r v e i l l a n c e ,  and maintenance  of  r e l e v a n t  r eco rds  a re  a l s o  in c lud ed .
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I. PLANT AND PROCESS DESCRIPTIONS FOR THE RENDERING OF ANIMAL MATERIALS
Background and Scope of  Document
The r e n d e r in g  of  animal m a t e r i a l s  was one o f  the  f i r s t  r e c y c l i n gi n d u s t r i e s .  I t  began about 150 y ea rs  ago,  and grew as the  meat p roduc ts  i n d u s t r y  grew. Many new uses  were found fo r  p roduc ts  d e r ived  from m a t e r i a l s  such as g r e a s e ,  h a i r ,  b lood ,  f e a t h e r s ,  h i d e s ,  and bones [1 ] .  P roduc ts  from r e n d e r in g  o p e ra t i o n s  a re  e i t h e r  i n e d i b l e  o r  e d i b l e ;  i n e d i b l e  p roduc ts  inc lude  i n e d ib l e  t a l l o w  and g reas e  and v a r io u s  p r o t e i n  meals suchas blood meal ,  f e a t h e r  meal ,  meat meal ,  bone meal ,  and meat-and-bonemeal.  Ed ib le  p roduc ts  inc lud e  l a r d ,  e d ib l e  t a l l o w ,  and p r o t e i n  t i s s u e  
[ 1 ] .
Rendering performed a t  meatpacking  or p o u l t r y  d r e s s i n g  p l a n t s  i sr e f e r r e d  to  as o n s i t e ,  o r  c a p t i v e ,  r e n d e r in g .  O ns i t e  Tenderers producea lmos t  a l l  of  the e d i b l e  l a r d  and e d ib l e  t a l lo w s  made. Rendering not  performed a t  meatpacking or p o u l t r y  d r e s s i n g  p l a n t s  i s  r e f e r r e d  to  as o f f s i t e ,  o r  independen t ,  r e n d e r i n g .  According t o  the  Census ofManufac tu res ,  the  independent  r en d e r in g  i n d u s t r y  accounted  f o r  69% of the  i n e d i b l e  t a l l o w  and g reas e  in  1977 [2 ] .  This Census r e p o r t e d  t h a t  500e s t a b l i s h m e n t s  were c l a s s i f i e d  under Animal and Marine F a ts  and O i l s  (SIC code 2077);  about  450 of t h e s e  rendered  animal m a t e r i a l s .  The number of  workers a t  o n s i t e  r en d e r in g  f a c i l i t i e s  (SIC codes 2011 and 2016) wase s t im a te d  to  be about 3,000 (A P h i f e r ,  w r i t t e n  communication,  June 1978).  The N a t ion a l  Renderers A s s o c i a t i o n  has e s t im a te d  t h a t  h a l f  o f  the  9,000 workers  employed by independent  r e n d e r in g  p l a n t s  a re  involved in  p l a n t  o p e r a t io n s  and maintenance  (WH Prokup,  w r i t t e n  communication, February 1981).  Table 1-1 summarizes p ro d u c t io n  f i g u r e s  fo r  the  r e n d e r in g  i n d u s t r y[3 ] .
This  document concerns o cc u p a t io n a l  exposure in  the  manufac ture  of  r endered  animal p ro d u c t s ,  p a r t i c u l a r l y  the  h and l ing  and p ro ce s s in g  of  raw m a t e r i a l s  a t  the  r e n d e r in g  p l a n t  as wel l  as main tenance ,  c leanup ,  and r e p a i r  work. The c o l l e c t i o n  of  raw m a t e r i a l s  from b u tche r  shops,  su pe rm arke ts ,  r e s t a u r a n t s ,  fa rms,  and meatpacking p l a n t s  i s  not  a p a r t  of the  r e n d e r in g  p roduc t ion  p ro c e s s ,  and i s  not  d i s c u s s e d  h e r e .  The g u i d e l i n e s  i n  Chapter  I I I  apply to  both  o n s i t e  and independent  r en d e r in g .
I n e d i b l e  Rendering
Raw m a t e r i a l s  fo r  independent  i n e d ib l e  r e n d e r in g  come from a v a r i e t y  of  s o u r c e s ,  i n c lu d in g  b u tc h e r  shops,  r e s t a u r a n t s ,  g rocery  s t o r e s ,  f e e d l o t s ,  and meatpacking  p l a n t s  [4 ] .  The raw m a t e r i a l s  a re  u s u a l l y  bones and bone f ragments ,  o f f a l ,  b lood ,  f e a t h e r s ,  o th e r  cu t -u p  m a t e r i a l s ,  and b a r r e l s  of r e s t a u r a n t  g r e a s e .  This m a t e r i a l ,  u s u a l l y  d e l i v e r e d  in  b a r r e l s  o r  by a dump t ru c k ,  i s  weighed,  eva lua ted  fo r  p o t e n t i a l  endproduc ts ,  and dumped i n t o  r e c e iv i n g  p i t s  o r  b i n s .  The t ru ck s  and b a r r e l s  a re  hosed out
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and the  washings a re  emptied i n t o  an a d j a c e n t  p i t  and d ra ined  i n t o  ano n s i t e  w a s t e - t r e a tm e n t  system. Separa ted  s o l i d s  a r e  r e c y c le d  i n t o  the  r e c e i v i n g  p i t s .  Some independent  r e n d e r in g  p l a n t s  a l s o  p rocess  dead s t o c k .  P l a n t s  withou t  mechanized p r e - b r e a k e r s  and c r u s h e r s  t h a t  can p ro ce s s  whole dead animals  must have the  c a r c a s s e s  cu t  up w ith  axes orkn ives  by p l a n t  p e r s o n n e l .  This i s  done e i t h e r  w ith  the  animal ly ing  onthe  f l o o r  or  hanging from an overhead r a i l .
TABLE 1-1
RENDERING INDUSTRY PRODUCTION DATA FOR 1979
Products M i l l i o n  Pounds Metr ic  Tons
I n e d i b l e  Tallow and Grease 5,900 (2 ,68 1 ,5 5 0 )
E d ib le  Tallow 1,550 (704,475)
Lard 1,280 (581,760)
Meat and Bone Meal and Tankage 4,680 (2 ,127 ,060)
F ea th e r  Meal 790 (359,055)
Adapted from r e f e r e n c e  3
The raw m a t e r i a l  in  t he  r e c e iv i n g  p i t  i s  then  crushed  or ground to  the  s i z e  n eces sa ry  fo r  cooking or m o is tu re  evap o r a t io n  [4 ] ,  To l i m i t  the  p ro d u c t io n  of  odor and t o  m a in ta in  p roduct  q u a l i t y  of  the  t a l l o w  or g reas e  and p r o t e i n  meal ,  raw m a t e r i a l  i s  u s u a l l y  p rocessed  prompt ly .  S ize  r e d u c t i o n  o p e ra t io n s  use equipment such as p r e - b r e a k e r s ,  s h re d d e r s ,  g r i n d e r s ,  and h a s h e r s .  Following the s i z e  r e d u c t io n  s t e p  the  raw m a t e r i a l  i s  s e n t  on to  cookers  which can e i t h e r  be a ba tch  or  con t inuous  type  [4 ] .  F igure  1-1 i s  a g e n e ra l i z e d  flow diagram of t h i s  p ro ce s s .  F igure  1-1 a l s o  shows a n c i l l a r y  p ro ce sse s  which a re  d i s c u s se d  l a t e r .
O ns i t e  ren de r in g  o p e r a t io n s  in  meatpacking and p o u l t r y  d r e s s in g  p l a n t s  u s u a l l y  r e c e iv e  raw m a t e r i a l s  d i r e c t l y  from the  k i l l  f l o o r .  I f  the  r e n d e r in g  o p e ra t io n  i s  in  a s e p a r a t e  b u i l d i n g  on the  same p rem ises ,  the  raw m a t e r i a l  i s  moved by pump or t ru c k  t o  the  cookers .  At t h i s  p o in t  the  o n s i t e  and o f f s i t e  r en d e r in g  p roce sse s  a r e  s i m i l a r  [1 ] .
( a )  Batch Cooker P roce ss in g
Mois tu re  i s  evapora ted  and f a t s  a r e  r e l e a s e d  from the  raw m a t e r i a l  by h e a t i n g  i t  under c o n t r o l l e d  c o n d i t i o n s  [ 1 , 4 ] .  A q u a n t i t y  of  m a t e r i a l  i s
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cooked i n  ba tch  cookers to  a s p e c i f i e d  m o is tu re  or  t em p e ra tu r e ,  and then the  load i s  d i scha rged .  F igure  1-2 i s  a g e n e ra l i z e d  diagram of a ba tch  cooking system [4 ] .
D ry-ba tch  r ende r ing  i s  the  method most commonly used fo r  i n e d ib l ep ro d u c t s .  In  t h i s  method, m o is tu re  i s  sepa ra ted  from the  raw m a t e r i a l  by e v a p o r a t i o n .  Heat fo r  e va p o ra t ion  i s  provided by steam in  a j a c k e t  around the  cooker ,  reach ing  p rocess  t em pera tu res  of  116-138 C (241-280 F ) . The a r e a s  around the p rocess  equipment a re  o f t e n  h o t ;  i n s u l a t i n g  process  equipment and steam and condensa te  p ip ing  w i l l  r e s u l t  in  a c o o le r  env i ronm ent .  The w ate r  removed from the  raw m a t e r i a l  in  the  cooking or e v a p o r a t i o n  s t e p  must be condensed and d ischa rged  i n to  a sewer acco rd ing  t o  g u i d e l i n e s  of  l o c a l  sewer o rd inances  fo r  a c i t y  sewer or  the  CleanWater Act Amendments of  1977 fo r  a nav igab le  s t ream [5 ] .  Vapor i s  condensed p r i m a r i l y  by c o n ta c t  or  by su r f a c e  condensers  l o c a te d  j u s to u t s i d e  the  p l a n t  or  on the  ro o f .  Noncondensable vapor from thecondense r ,  which g ives  o f f  h ig h ly  i n t e n s e  odors ,  can be c o n t r o l l e d  by v e n t in g  to  a sc rubber  or  d i r e c t l y  to  the  b o i l e r  t h a t  g e n e ra te s  the  p l a n t ' s  s team.
A f te r  t he  m o i s tu re  i s  removed, the  l i q u i d  f a t  must be s e p a r a t e d  from the  p r o t e i n  s o l i d s .  In  ba tch  cooking,  t he  i n i t i a l  s e p a r a t i o n  i s  accomplished w ith  a r e c t a n g u l a r  p e r c o l a t i o n  pan t h a t  c o n t a in s  a p e r f o r a t e d  s c re e n  6 - i n c h e s  above a sloped bottom. This c o n f i g u r a t i o n  al lows the  f l u i d  t a l l o w  to  d r a i n  and be s ep a ra ted  from the  p r o t e i n  s o l i d s .  The p r o t e i n  s o l i d s  s t i l l  c o n ta in in g  about 25% t a l lo w  a re  conveyed to  the  screw p r e s s ,  which completes the  s e p a r a t i o n .  So l id  p r o t e i n  m a t e r i a l  d i scha rged  from the  screw p re s s  i s  known as c r a c k l i n g s .  The c r a c k l i n g s  a re  normally  sc reened  and ground w i th  a hammer m i l l  t o  produce meat-and-bone meal.  These p roduc ts  a re  u s u a l l y  s to red  o u t s i d e  the p l a n t  in  s i l o s .  Workers o c c a s i o n a l l y  e n t e r  t h e s e  s i l o s  fo r  maintenance and r e p a i r  work.
The l i q u i d  f a t  from the  p e r c o l a t i o n  pan and s c r e w  p r e s s  can  be  
p r o c e s s e d  by s c r e e n i n g ,  s e t t l i n g ,  c e n t r i f u g i n g ,  o r  f i l t e r i n g  t o  remove  
f i n e  s o l i d s .  L i q u i d  t a l l o w  o r  g r e a s e  t h a t  remains  may then be c l a r i f i e d  
o r  b l e a c h e d  w i t h  v a r i o u s  c l a y s  or  d i at o m ac e o us  e a r t h .  The g r e a s e  and 
t a l l o w  a r e  u s u a l l y  s t o r e d  i n  s t e a m - h e a t e d  tank s  and h e l d  f o r  s h i p p i n g .  
Workers  o c c a s i o n a l l y  e n t e r  t h e s e  ta n k s  when empty t o  p e r fo r m  m ai nt en an c e  
o r  r e p a i r  work.
Each r ende r ing  p l a n t  has a f a c i l i t y  f o r  load ing  t r u c k s ,  r a i l r o a d  c a r s ,  o r  barges to  move the  rendered  m a t e r i a l s  to  the  u s e r .  So l id s  can be t o p -  loaded  or end-loaded w i th  f l i n g e r s  (conveyors t h a t  throw m a t e r i a l  h o r i z o n t a l l y )  i n to  covered t r a i l e r s  or  box ca r s .  S to red  g rease  and t a l l o w  a r e  l i q u e f i e d  and then pumped i n t o  tank  t r a i l e r s  or  r a i l  t a n k c a r s .
(b)  Con tin u ou s  Cooker  P r o c e s s i n g
Continuous cooking systems fo r  i n e d ib l e  r en d e r in g  a r e  i n c r e a s i n g l y  common [1 ] .  The r e c e i v i n g ,  g r i n d in g ,  p r e s s i n g ,  and s t o r i n g  o p e r a t io n s  a re  s i m i l a r  to  those  d i s c u s se d  f o r  ba tch  cooking.  Continuous systems
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eva p o ra t e  water  and s e p a r a t e  f a t s  by s t e a d i l y  moving the  m a t e r i a l  through the  cookers .  Advantages of  the  con t inuous  system over  the  ba tch  p rocess  inc lud e  improved q u a l i t y  c o n t r o l  of  the  p ro d u c t ,  b e t t e r  confinement of  odor and f a t - p a r t i c l e  a e ro s o l s  w i th in  the  equipment,  and a sm a l le r  space re q u i rem en t .  Although use o f  ba tch  cookers has s t e a d i l y  d ec rea sed ,  they  may never  be e n t i r e l y  re p la c e d  by con t inuous  systems;  small  r e n de r in g  p l a n t s  o f t e n  cannot a f f o r d  con t inuous  systems.  Continuous systems are  h ig h ly  automated and can be ope ra ted  with  fewer workers ,  but  a l s o  r e q u i r e  a g r e a t e r  maintenance  e f f o r t  because  f a i l u r e  of  any p a r t  can shut  down an e n t i r e  system. The i n s t r u m e n ta t i o n  and c o n t r o l s  fo r  a cont inuous  system a r e  u s u a l l y  c e n t r a l i z e d  a t  a pane l  t h a t  may be enc losed  in  a booth .
C u r r e n t l y ,  the  two most widely  used con t inuous  systems in  i n e d ib l e  r e n d e r in g  a re  the  Anderson C-G (C a rv e r -G re e n f i e ld )  system and the  Duke system, shown in  F igures  1-3 and 1-4 ,  r e s p e c t i v e l y  [4 ] .  The Anderson C-G system f i r s t  u ses  a f l u i d i z i n g  tank  in  which rec yc le d  f a t  i s  used to  hea t  and s l u r r y  the  raw m a t e r i a l .  Then the  s l u r r y  i s  pumped to  a d i s i n t e g r a t o r  fo r  f u r t h e r  g r in d in g  and fo r  breakdown of c e l l u l a r  s t r u c t u r e  to  r e l e a s e  f a t s .  The r e s u l t i n g  charge  i s  then  pumped to  the  e v a p o r a to r ,  where m o i s tu re  i s  removed under vacuum. In  the Duke system, the  cooker resembles a ba tch  cooker ,  but  d i f f e r s  in  t h a t  m a t e r i a l  i s  c on t in u ou s ly  charged a t  one end, d r i v e n  s lowly  through the  h o r i z o n t a l  cooker ,  and s t e a d i l y  d i scha rged  a t  the  o th e r  end.  Other systems,  in  l im i t e d  use ,  a re  the  S t r a t a f l o w ,  the  P fa u d le r  Low Temperature C e n t r i f u g e ,  and the  Norwegian S to rd -B a r t z  R o tad isc .
Rendering o p e ra t io n s  t h a t  p rocess  a l a r g e  volume o f  m a t e r i a l  a re  mechan ica l ly  a ided  by screw conveyors ,  pumps, f r o n t - e n d  l o a d e r s ,  and o th e r  equipment [4 ] .  P re s s u re  v e s s e l s  and systems,  such as f e a t h e r  h y d ro ly z e r s ,  cooker steam j a c k e t s ,  f i l t e r  p r e s s e s ,  and condensa te  r e t u r n s ,  a re  a l s o  used .  Other o p e ra t io n s  use b o i l e r s  to  gen e ra te  steam or ho t  w ate r  andu s u a l l y  have some s o r t  of  system to recove r  the  water  vapor produced inthe  cooking p r o c e s s .  For odor c o n t r o l ,  s c rubbe rs  or  i n c i n e r a t o r s  a re  used fo r  cookers ,  d r y e r s ,  and o th e r  p rocess  equipment.
E d ib le  Rendering
E d ib le  r e n d e r in g  u s u a l l y  t ak es  p lace  as an a d ju n c t  to  s l a u g h t e r i n g  and d r e s s i n g  p ro c e s s e s ,  where e d i b l e  raw m a t e r i a l  i s  r e a d i l y  a v a i l a b l e .  I t  has been e s t im a te d  t h a t  l e s s  than  2% of independent  p ro c e s s e r s  rende r  e d i b l e  m a t e r i a l  [6 ] .
A t y p i c a l  e d i b l e  r e n d e r in g  p rocess  c o n s i s t s  of  a m u l t i s t a g e  c e n t r i f u g e  system t h a t  mechan ica l ly  s e p a r a t e s  water  from f a t ,  in  c o n t r a s t  to  acooking p rocess  in  i n e d ib l e  r e n d e r in g .  In  the  e d i b l e  p r o c e s s e s ,p ro du c t io n  volume and tem pe ra tu re s  a r e  u s u a l l y  much lower and s a n i t a t i o n  re qu i rem en ts  more s t r i n g e n t  than  in  the  i n e d ib l e  p ro c e s s e s .
Batch p ro c e s s e s ,  which a re  becoming o b s o l e t e ,  a re  e i t h e r  "w e t-ba tch"  o r  "d ry -b a tc h "  [1 ] .  In  d ry -b a tc h  low-temperatu re  r e n d e r in g ,  the  charge i s
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m el ted  i n  a con v en t io n a l  cooker a t  a tem pera tu re  t h a t  does no t  evapora te  the  m o is tu re  in  the  raw m a t e r i a l .  The f a t s  a re  s e p a r a t e d  from the  s o l i d s  and w a te r  by s c re e n in g  o r  c e n t r i f u g i n g .  Remaining w a te r  e n t r a i n e d  in  the hot  f a t  i s  then  removed in  a second c e n t r i f u g e .  The s e p a ra t e d  w ate r ,  c a l l e d  tank  w a te r ,  can be f u r t h e r  evaporated  to  a t h i c k  m a t e r i a l  known as s t i c k ,  which can be used as tankage fo r  i n e d i b l e  r e n d e r in g .  The s o l i d s  can be s e n t  to  i n e d ib l e  r e n d e r in g  or  used in  e d i b l e  meat m eals .  In w e t -b a tch  r e n d e r in g ,  now e s s e n t i a l l y  o u td a t e d ,  the  m a t e r i a l  i s  hea ted  by d i r e c t  i n j e c t i o n  of  s team. Three m a t e r i a l s  r e s u l t :  w a te r ,  f a t ,  andsuspended s o l i d s  ( p r o t e i n  t i s s u e ) .  The f a t  i s  decan ted  and the  w ate r  and s o l i d s  a r e  s e p a r a t e d  by f i l t r a t i o n  or  c e n t r i f u g a t i o n .
C u r r e n t l y ,  e d i b l e  m a t e r i a l  i s  most commonly rendered  in  c on t in u ou s ,  wet  systems in  which low tem pe ra tu re  and c e n t r i f u g a t i o n  a re  used to  s e p a r a t e  f a t s  from w ate r  and s o l i d s  ( p r o t e i n  t i s s u e )  [1 ] .  Raw m a t e r i a l s  a r e  c u t  f i n e l y  and h e a t e d ,  which f l u i d i z e s  them. The f l u i d  mass passes  i n t o  a c e n t r i f u g e  to  s e p a r a t e  the  f a t  (and wate r )  from the  s o l i d s .  The r e s u l t i n g  s o l i d s  can be used as food f i l l e r s  or  as p e t  food.  The f a t  and w ate r  mix tu re  goes to  a second c e n t r i f u g e  fo r  f u r t h e r  s e p a r a t i o n .  The f i n a l  f a t  i s  low in  a c id  and f a i n t l y  c o lo re d .  Water goes to  the  water  t r e a tm e n t  system, and sludge goes t o  i n e d i b l e  r e n d e r in g .  P rocess  t em pe ra tu re s  a re  about 49 C (120 F) fo r  e d i b l e  l a r d  and 68 C (155 F) fo r  e d i b l e  t a l l o w .
A n c i l l a r y  Opera t ions
A n c i l l a r y  o p e r a t io n s  performed in  some r e n d e r in g  p l a n t s  inc lude  the  p roducing of blood meal and f e a t h e r  meal ,  the r e c la im in g  of g re a s e ,  the  boning  of dead s tock  f o r  p e t  food,  and the  p ro c e s s in g  o f  h id e s .
Blood from the  k i l l  f l o o r  i s  coagu la ted  and c e n t r i f u g e d ,  d r i e d ,  and so ld  as a p r o t e i n  source  f o r  use  i n  animal fe ed .  F igure  1-5 i s  a flow scheme f o r  the  p ro ce s s .  Blood re c e iv e d  from the  s t i c k i n g  a r e a  of  a s l a u g h t e r i n g  p l a n t  i s  p re h e a te d  and coagu la ted  by steam i n j e c t i o n  in  the  con t inuous  p r o c e s s .  S o l id s  a re  s e p a ra t e d  from l i q u i d s  by c e n t r i f u g e ,  and then  d r i e d  and ground.  In  con t inuous  systems,  a g a s - f i r e d  d i r e c t - h e a t  d ry e r  ( r i n g  d ry e r )  o r  a r o t a r y  steam tube can be used to  dry the  b lood.  In ba tch  p r o c e s s e s ,  c o a g u l a t i o n  and m o is tu re  removal  a re  performed in  the  ba tch  cooker by d ry in g .  Blood meal i s  va lued  as animal feed because  of  i t s  h igh  l y s i n e  c o n t e n t .  A ba tch  p roce ss  i s  l e s s  d e s i r a b l e  than  a con t inuous  one because i t  r e s u l t s  in  a lower l y s i n e  c o n ten t  of  the  blood m ea l .
P o u l t r y  f e a t h e r s  and hog h a i r  a re  a l s o  p rocessed  in  many p l a n t s  (F igu re  1-6) [4 ] .  The h a i r  and f e a t h e r s  a re  hydro lyzed  by cooking underp r e s s u r e ,  d r i e d  i n  a steam tube o r  a r i n g  d r y e r  commonly a t  t em pera tu res  of  100 C (212 F),  and then blended fo r  use in  animal f eeds ;  f e a t h e r  or  h a i r  m a t e r i a l  may a l s o  be ground.  F ea the r  and h a i r  meals a re  used as p r o t e i n  sources  in  animal feed.
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The growth of  the  r e s t a u r a n t  b u s in es s  has made the  r e c la im in g  of r e s t a u r a n t  g rease  an im por tan t  p a r t  of  the  r en d e r in g  i n d u s t r y  (F Ward, w r i t t e n  communication, December 1978).  This rec la im ed  g re a s e  i s  used as s t a b i l i z e d  animal f a t  f o r  animal feed .  A b r i e f  o u t l i n e  of  t h i s  p rocess  i s  shown in  F igure  1-7 .  R e s ta u ra n t  g rease  i s  d e l i v e r e d  to  r e n d e r in g  p l a n t s  i n  l a r g e  drums by bucket  t ru c k s  or  o th e r  types of  b a r r e l  t r u c k s .  Drums weighing  as much as 204 kg (450 lb s )  a re  unloaded by hand o r  w i th  mechanica l  a i d s ,  such as hand t ru ck s  or  h o i s t s .  These drums a re  not  only heavy,  bu t  many t imes have rough ,  sharp  edges.  The d i s t a n c e  the se  drums a re  l i f t e d ,  pushed,  and p u l l ed  from the  unloading  dock to  the  ho t  room v a r i e s  c o n s id e r a b ly  from p l a n t  to  p l a n t .  Steam, i n f r a r e d  r a d i a t i o n ,  or  e l e c t r i c  h e a t e r s  a re  used to  mel t  the g rease  whi le  s t i l l  i n  the  b a r r e l s ,  which a re  d ra in ed  through  meta l  s c reens  and c le a n ed .  The g reas e  i s  then  f i l t e r e d  o r  sc reened  to  remove coa rse  s o l i d s ,  hea ted  to  remove w a te r  (w a te r  may a l s o  be removed by s e t t l i n g ) ,  and f u r t h e r  f i l t e r e d  or  c e n t r i f u g e d  to  remove the  f in e  s o l i d s .  The r e s u l t i n g  yel low g rease  i s  b lended  w i th  a n t i o x i d a n t s  and s t a b i l i z e r s ,  and s t o r e d  or  shipped out  fo r  animal feed as s t a b i l i z e d  animal f a t .
Some r e n d e r in g  p l a n t s  supply pe t  food e s t a b l i s h m e n t s  with  red meat .  Good q u a l i t y  c a r c a s s e s  a re  p laced  on a r a i l  where they a re  skinned and g u t t e d .  The meat i s  kep t  in  a c o o l e r  and in sp e c te d  u n t i l  i t  i s  boned and so ld  the  next  day. At some rende r ing  p l a n t s  t h i s  accounts fo r  about  10% of t h e i r  t o t a l  tonnage.
Many ren d e r in g  p l a n t s  t h a t  handle  a l a r g e  number of  dead s to c k  f ind  i t  economical ly  fa v o rab le  to  remove the  h id e s  from dead c a r c a s s e s  f o r  c u r in g .  These c a r c a s s e s  a r e  skinned w hi le  hanging from a r a i l  o r  l y ing  on the  f l o o r .  The c a rc a s s  i s  u s u a l l y  taken  by conveyor o r  c a b le  to the  p r e - b r e a k e r ,  and the  h id e  i s  trimmed, c le a n ed ,  and then cured  in  b r i n e  raceway v a t s .
Chemicals  Used During Rendering  P la n t  Opera t ions
Rendering p l a n t s  use chemicals  in s e v e r a l  o p e r a t i o n s :  c l e a n in g ,g rease  or  f a t  p ro c e s s in g ,  t r e a t i n g  waste w a te r ,  c o n t r o l l i n g  odors ,  w ate r  c o o l in g ,  and b o i l e r  o p e r a t i o n  [ 1 , 4 ) .  A p a r t i a l  l i s t  o f  the  more common chemicals  i s  g iven in  Table 1-2.
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FIGURE 1-5. FLOW SCHEME FOR A BLOOD MEAL OPERATION




FIGURE 1-6. FLOW SCHEME FOR A FEATHER MEAL OPERATION
Adapted from F Ward, written communication, December 1978
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FIGURE 1-7. FLOW SCHEME FOR A RESTAURANT GREASE OPERATION
Adapted from F Ward, written communication, December 1978
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TABLE 1-2
CHEMICALS, COMPOUNDS, OR AGENTS USED IN RENDERING PROCESSES
I . Cleaning, Sanitizing, and Disinfecting 
Sodium Carbonate
Caustic Soda (Sodium Hydroxide*) 
Sodium Metasilicate 
Sodium Polyphosphates 
Sodium & Potassium Soaps
IV. Odor Control System
Sodium Hydroxide* and Sodium Hypochlorite 
Chlorine*
Sodium Carbonate 
Sulfuric* and Sulfamic Acid 
Potassium Permanganate
II. Processing System V.
Antifoams - Silicones 
Sodium Sulfite
Filter Aids - Diatomaceous Earths 
Bleaching Agents - Clays 
Trisodium Phosphate 
Salt (NaCl) and Lime (CaO)
Stabilizing Agents - Antioxidants 
Citric Acid
BHA and BHT - Phosphoric Acid
Propyl Gallate VI.
Orthophosphoric Acid
MHA (Methionine Hydroxy Analog)
n-Propyl Alcohol
Silicate Mixtures
III. Waste-Water Treatment System 
Alum





Polyelectrolytes - Anionic - Cationic 
Lignosulfonic Acid
Water-Cooling System
Algacides, Chlorine*, Biocides, and Chlorinated Phenols 
Sulfuric Acid*
Polyphosphates
Low Molecular Weight Polymers - Polyacrylates 












Sodium Sulfite and Nitrate 
Hydrazine**
Filming and Neutralizing Amines





*See NIOSH's criteria document on this compound for recommended standards and control procedures.
**Not very common
Adapted from F Ward, written communication, December 1978
I I .  OCCUPATIONAL HAZARDS
Occupa t iona l  haza rds  in  r e n d e r in g  p l a n t s  can be d iv ided  i n to  t h r e e  c a t e g o r i e s :  those  r e s u l t i n g  in  mechanica l  i n j u r y ,  those  r e s u l t i n g  fromp h y s i c a l  a g e n t s ,  and those  r e s u l t i n g  from exposure  t o ,  o r  c o n t a c t  w i th ,  b io l o g i c  and chemical  a g e n t s .
Hazards R e su l t in g  in  Mechanical  In ju r y
According t o  the  Bureau of Labor S t a t i s t i c s ,  t h e  i n j u r y  and i l l n e s s  inc idence  r a t e  fo r  t he  Animal and Marine F a ts  and O i l s  I n d u s t ry  (SIC code 2077) in  1977 was 25 .0  c a se s /1 0 0  f u l l - t i m e  workers ( s ee  Table  I I - l )  [7 ] .  I n j u r y  and i l l n e s s  r a t e s  in  t he se  e s t a b l i s h m e n t s  averaged approxim ate ly1.9 t imes as much and l o s t  workday cases  about 2.7 t imes  as much than  t h e i r  r e s p e c t i v e  r a t e s  fo r  t he  manufac tur ing  i n d u s t r i e s  s e c t o r  between 1972 and 1977.
Although the  number of  los t -workday  cases  pe r  100 f u l l - t i m e  workers was h ig h e r  in  animal and marine  f a t s  and o i l s  e s t a b l i s h m e n t s  than comparable r a t e s  fo r  t he  manufac tu r ing  i n d u s t r i e s  s e c t o r ,  t he  average  number of  l o s t  workdays p er  los t -w orkday  case  i n  t h e s e  same e s t a b l i s h m e n ts  was lower.  Table I I - 2  shows i n j u r y  and i l l n e s s  r a t e s  f o r  workers in  animal and marine f a t s  and o i l s  e s t a b l i s h m e n t s  fo r  1972-1977.  In  each of  t h e s e  y e a r s ,  i n j u r i e s  accounted fo r  approx im ate ly  96-98% of a l l  r e p o r te d  c a s e s .
The BLS has a l s o  r e c e n t l y  developed the  Supplemental  Data System, which has as i t s  source  of  d a t a  the  f i r s t  r e p o r t  o f  i n j u r y  or  i l l n e s s  subm it ted  by employers and in su ra n c e  c a r r i e r s  t o  worker compensation agenc ies  of  v a r io u s  s t a t e s  [12].  The sou rce ,  type  of  a c c i d e n t ,  and n a tu re  o f  i n j u r y  a re  d e s c r ib e d  f o r  compensable cases  in  1977 fo r  animal and marine f a t s  and o i l s  e s t a b l i s h m e n t s  in  f i v e  s t a t e s  (Tab le s  I I - 3 ,  I I - 4 ,  and I I - 5 )  [13] .  ( S t a t e s  w i th  50 or  more t o t a l  cases  a y e a r  were s e l e c t e d  to  e s t a b l i s h  more r e l i a b l y  the  lead ing  causes of  i n j u r y . )  C r o s s - t a b u l a t i o n  o f  source  of  i n j u ry  and a c c id e n t  type ,  n a tu r e  of  i n j u r y  w i th  p a r t  o f  body a f f e c t e d ,  n a tu re  and source  of  i n j u r y ,  and n a tu r e  of  i n j u r y  and ac c id en t  type  has been p rovided  by t h e s e  s t a t e s  [14] .  These t a b l e s  a l low  a more d e t a i l e d  a n a l y s i s  of  the a c c id e n t  c i r cu m s tan ces .  Since the  d e f i n i t i o n  o f  a compensable case  d i f f e r s  s l i g h t l y  from s t a t e  t o  s t a t e ,  only gene ra l  c on c lu s ions  can be made concern ing  the  so u rc e s ,  types of  a c c i d e n t s ,  and n a t u r e s  of  i n j u r i e s  in  t h i s  i n d u s t r y .  However, the  summary d a t a  can he lp  i d e n t i f y  the  a re a s  i n  which eng inee r ing  c o n t r o l s  and s a f e t y  a c t i v i t i e s  need to  be i n t e n s i f i e d  and h e lp  p in p o in t  problems t h a t  must be so lved .
(a)  Walking-Working Surfaces
In r en d e r in g  p l a n t s ,  walking-working  s u r f a c e s  were l i s t e d  as the source  of  about  14% of the  compensable i n j u r i e s  in  the  f i v e  s t a t e s  (Table
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TABLE II-l
OCCUPATIONAL INJURY AND ILLNESS INCIDENCE RATES PER 100 FULL-TIME 





SIC Total Workday Lost Workday
Industry Code** Cases*** Cases Workdays Case
Manufacturing
1972 15.6 4.2 11.4 14.9
1973 15.3 4.5 10.8 15.2
1974 14.6 4.7 9.9 15.5
1975 13.0 4.5 8.5 16.8
1976 13.2 4.8 8.3 16.6
1977 13.1 5.1 8.0 16.1
Fats and Oils 
1975
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19.2 7.9 11.2 19.2
1976 20.9 8.0 12.8 16.7
1977 21.9 9.1 12.8 15.4
Animal and Marine 
Fats and Oils 
1972 2094 27.2 12.1 15.1 15.0
1973 2094 29.8 12.7 17.1 13.7
1974 2094 28.8 13.5 15.3 14.0
1975 2077 23.8 11.2 12.3 17.4
1976 2077 27.1 13.2 13.8 13.8
1977 2077 25.0 11.7 13.3 14.2
*Incidence rates represent the number of injuries and illnesses or lost workdays per
100 full-time workers and were calculated as (N/EH) x 200,000 where:
N “ number of injuries and illnesses or lost workdays
EH = total hours worked by all workers during the calendar year
200,000 * base for 100 full-time-equivalent workers (working 40 hours per week,
50 weeks per year)
* *The Standard Industrial Classification Manual— 1967 edition was used to categorize
the 1972-1974 data; 1972 edition was used for the 1975-1977 dati. SIC 2077
became the four digit classification for animal and marine fats and oils.
***Because of rounding and fatality cases there may be a difference between the total
and the sum of the rates for lost workday cases and nonfatal cases without lost 
workdays.
Adapted from references 7-11
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I I - 3 )  , w i th  f a l l s  being the  most common type  of  a c c id e n t  r e s u l t i n g  from t h i s  source  (Table  1 1 -4 ) .  The major f a c t o r  in  t h i s  type  of  a c c id e n t  i s  t he  amount of  f r i c t i o n  between the  shoe so le  and the  working s u r f a c e .  Shoe/working su r f a c e  f r i c t i o n  i s  a f f e c t e d  by f l o o r  c o n d i t i o n s ,  f l o o r  s u r f a c e  m a t e r i a l ,  and shoe s o l e  com posi t ion .
TABLE I I - 2
OCCUPATIONAL INJURY AND ILLNESS RATES IN ANIMAL AND MARINE FATS AND OILS ESTABLISHMENTS
Inc idence  Rates per 100 Ful l-Time Workers
I n j u r i e s I l l n e s s e s
Year
Average Number of  Workers (x 1,000) T o ta lcases**
LostWork­dayCases
Nonfa ta lCasesWithoutLostWorkdays T o ta lCases**
LostWork­dayCases
N onfa ta lCasesWithoutLostWorkdays
1972 NA* 26.3 1 1 .8 14.5 0 .9 0.3 0 . 6
1973 11 29.0 12.4 16.6 0 . 8 0.3 0.5
1974 tl 28.3 13.3 14.9 0.5 0 . 2 0.3
1975 If 23.3 1 1 .0 1 2 .1 0.5 0 . 2 0.3
1976 1 1 .2 26.2 12.7 13.5 0 .9 0.5 0 .3
1977 NA 24.1 11.4 12.7 0 .9 0.3 0 . 6
*NA = Not a v a i l a b l e  **Because o f  rounding and f a t a l i t y  cases  t h e r e  may be a d i f f e r e n c e  between the  t o t a l  and the  sum of the  r a t e s  fo r  l o s t  workday cases  and n o n f a t a l  c a s e s  w ithou t  l o s t  workdays.
Adapted from r e f e r e n c e s  7-11
Grease bu i ldup  i s  the  major c o n t r i b u t o r  to  unsa fe  walk ing  and working s u r f a c e s .  The e x te n t  of  t he  hazard  depends upon the  s p e c i f i c  r e n de r in g  p ro ce s s  be ing  employed and the  e x t e n t  to  which f a t  and g reas e  p a r t i c l e s  a re  conf ined  w i t h in  the  equipment.  While cont inuous  r e n d e r in g  systems a re
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a b l e  to  con f in e  the  f a t  and g reas e  p a r t i c l e s ,  ba tch  cooker o p e r a t io n s  a re  n o t ,  e s p e c i a l l y  when the  animal m a t e r i a l  i s  dumped from the  cooker to  the  perc  pan.  In t h i s  s i t u a t i o n  exhaus t  v e n t i l a t i o n  i s  needed to  p ick  up and remove the  a i r b o rn e  f a t  p a r t i c l e s  and water  vapor b e fo re  they s e t t l e .  NIOSH observed  t h a t  in  p l a n t s  w i th  g re a s e  b u i l d u p ,  the  second l e v e l  f l o o r  s u r f a c e  where the  f a t  and g rease  p a r t i c l e s  s e t t l e d  was more s l i p p e r y  than  the  f i r s t  l e v e l  f l o o r  s u r f a c e  [15].
I n j u r i e s  from f a l l s  were u s u a l l y  s p r a i n s  and s t r a i n s ,  bu t  t h e r e  were a l s o  c o n t u s io n s ,  f r a c t u r e s ,  and l a c e r a t i o n s  (Table I I - 5 )  [1 3 ,1 4 ] .
A rev iew of the  1979 F i r s t  Repor ts  of  i n j u r y  o r  i l l n e s s  from the  f i v e  s e l e c t e d  s t a t e s  i n d i c a t e d  t h a t  many s l i p s  and f a l l s  o ccu r red  when workers unloaded g re a s e  b a r r e l s  o r  dead s to c k  from t ru c k s  [1 6 ] .  S p i l l a g e  from th e s e  b a r r e l s  dur ing  t h e i r  movement to  the  ho t  room caused the  smooth m e ta l  s u r f a c e s  of  t he  t r u c k s  and the  load ing  dock t o  become s l i p p e r y .  Secure l i d s  fo r  the se  b a r r e l s  would minimize the  g re a s e  b u i ldup  from the  s p i l l a g e .  Sometimes g re a s e  was dumped onto the  f l o o r  o f  the  ho t  room b e f o r e  i t  was mel ted ;  when t h i s  occurred  the  boots o f  workers sp read  the  g re a s e  and,  t h e r e f o r e ,  the  hazard  to  o t h e r  a r e a s .
The h ide  p ro ce s s in g  a re a  was a l s o  i d e n t i f i e d  by t h e s e  r e p o r t s  as a n o th e r  l o c a t i o n  in  r e n d e r in g  p l a n t s  where t h e r e  i s  an in c re a s e d  r i s k  of  s l i p s  and f a l l s .  Workers t h e r e  l i f t  h ides  and heavy bags of  s a l t  f o r  the  c u r in g  p r o c e s s .
Good housekeeping w i l l  a l s o  h e lp  minimize the  haza rds  p re s e n t e d  by s p i l l e d  or  s e t t l e d  m a t e r i a l s  t h a t  c h a r a c t e r i z e  the  work environment in  some r e n d e r in g  p l a n t s .  Employer adherence  to  the gen e ra l  r e g u l a t i o n s  fo r  walking and working s u r f a c e s ,  l i s t e d  in  29 CFR 1910.22,  w i l l  reduce  haza rd s  by p ro v id ing  fo r  c l e a n ,  d ry ,  o r d e r l y ,  and s a n i t a r y  s u r f a c e s  in a d d i t i o n  t o  s u f f i c i e n t l y  s a f e  c l e a r a n c e s  in  a is lew ays  where mechanical  equipment i s  used .  These a is lew ays  should be kept  c l e a r  and d ry .
S p i l l a g e  can be minimized by ensu r ing  t h a t  sc rap  c a r t s ,  conveyors ,  and c o n t a i n e r s  a r e  not  o ve r loaded .  Leaking pumps, p i p e s ,  and va lves  should be r e p a i r e d  prompt ly .  When s p i l l s  occu r ,  the  bu lk  o f  t he  f a t  and o th e r  s o l i d s  may be removed w ith  a sh ove l ,  and then  the  f l o o r  should be c leaned  w ith  w a te r .  As an a l t e r n a t i v e ,  abso rben ts  can be used to  absorb the  g re a s e  and f a t ,  and then  swept up and d i s c a r d e d .  C lean se r s  should be used to  remove any remaining f a t  and g re a s e .  S ubsequen t ly ,  any remaining w ate r  o r  l i q u i d  should be mopped up and the  s u r f a c e  d r i e d  as comple te ly  as p o s s i b l e .
The type  of  f l o o r  s u r f a c e  can c o n t r i b u t e  to  unsa fe  walk ing  and working c o n d i t i o n s .  Independent  r e n de r in g  p l a n t s  v i s i t e d  by NIOSH u s u a l l y  used smooth m e ta l  f l o o r s  a t  the  g reas e  b a r r e l  un load ing  dock.  While t h e se  f l o o r s  p rovide  the  s t r e n g t h  to  r e s i s t  damage from 204-kg (450- lb )  b a r r e l s ,  they  o f f e r  l i t t l e  s l i p  r e s i s t a n c e  [15].
Much use i s  made of meta l  p l a t e s ,  of  e i t h e r  s o l i d ,  expanded,  o r  s e r r a t e d  m e ta l ,  as f l o o r i n g ,  s t a i r s ,  load ing  dock a r e a s ,  walkways, and
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ca tw a lk s .  The walk ing-work ing  su r fa c e  of  the  s o l i d  p l a t e  can be f i n i s h e d  in  a r a i s e d  p a t t e r n  t o  i n c r e a s e  i t s  s l i p - r e s i s t a n c e .  However, a t  one r e n d e r i n g  p l a n t  where an a b r a s iv e  m a t e r i a l  was i n c o rp o r a t e d  onto the  s t e e l  f l o o r  t o  p rov ide  more t r a c t i o n ,  the  g rease  b a r r e l s  des t royed  the f i n i s h  a f t e r  only  a few days .  I f  t he  s l i p - r e s i s t a n t  s u r f a c e s  a re  v u l n e r a b l e  to  b a r r e l  abuse ,  then  conveyors or  o th e r  automatic  b a r r e l  movers should be c o n s id e r e d .  At a no the r  p l a n t ,  the  p l a n t  manager was t h in k in g  of i n s t a l l i n g  t r a c k s  so he could r o l l  the  b a r r e l s  from the  t r u c k s  to  the  ho t  room, thus avo id ing  damage to  the  f l o o r  s u r f a c e  [15] .
One type  of  s o l i d  r o l l e d  s t e e l  f l o o r in g  has impregnated aluminum oxide p a r t i c l e s .  As the  s u r f a c e  wears down, p a r t i c l e s  of  t he  aluminum oxide a re  c o n t i n u a l l y  exposed to  the  walk ing-working s u r f a c e .  This type  of p l a t e  m a t e r i a l  may be used as a s t r u c t u r a l  component or  l a i d  down over e x i s t i n gf l o o r i n g  of  a l l  types  [17] .
Concre te  s u r f a c e s ,  e s p e c i a l l y  those  with  broom f i n i s h e s ,  p rovide  t r a c t i o n  in  o th e r  a re a s  of  the  p la n t  u n t i l  they  a re  worn smooth. Concre te  f l o o r s  have m arg ina l  wear r e s i s t a n c e .  Brick f l o o r  s u r f a c e s  p r e s e n t  a r e a so na b ly  s l i p - r e s i s t a n t  s u r f a c e .  F loor b r i c k  w i th  a c a s t - a b r a s i v e  s u r f a c e  i s  even b e t t e r  [18].
BLS d a t a  and the  F i r s t  Reports  suggest  t h a t  s t a i r s  in  some re n de r in g  p l a n t s  a re  p a r t i c u l a r l y  hazardous ,  invo lv ing  14 of  the  55 working s u r f a c e  ca ses  r e p o r t e d  by fou r  of  the  f iv e  s t a t e s .  At the  independent  ren de r in g  p l a n t s  v i s i t e d  by NIOSH, the  s t a i r s  always seemed hazardous to climb because  they  were s l i p p e r y .  At one p l a n t ,  however,  t he  s t a i r s  were made of c o r ru g a t e d  meta l  t h a t  provided  b e t t e r  t r a c t i o n  [15].
The type  of  footwear worn by workers can c o n t r i b u t e  to  s l i p s  and f a l l s .  Shoe-working s u r f a c e  f r i c t i o n  i s  a f f e c t e d  by the  shoe so le  and h e e l  com posi t ion  and c o n t a c t  a rea  [17].  Most neoprene s o l e  and h ee l  m a t e r i a l s  p rov ide  a h igh  degree  of  s l i p  r e s i s t a n c e  and a r e  r e s i s t a n t  to  l e a k in g .  Since  most a r e a s  of  ( independen t)  r e n d e r in g  p l a n t s  p re s e n t  some hazard  of  s l i p s  and f a l l s ,  workers should be r e q u i r e d  to  wear rubber  or  neoprene  b o o t s ,  p r e f e r a b l y  w i th  s a f e t y  t o e s .  The m a t e r i a l  from which boots o l e s  a re  c o n s t r u c t e d  i s  more impor tan t  than  the  so le  p a t t e r n .  A h ig h lys l i p - r e s i s t a n t  m a t e r i a l  w i th  very  l i t t l e  p a t t e r n  i s  the  s a f e s t  type  of  foo tw ear ,  as i t  p rov ides  g r e a t e r  co n tac t  with  the  f l o o r  s u r f a c e  [18].
Adherence to  r e g u l a t i o n s  fo r  covers  and g u a r d r a i l s  w i l l  p r o t e c t  workers from the  v a r io u s  hazards  a s s o c i a t e d  with  open p i t s ,  t an k s ,  b in s ,  and v a t s  (29 CFR 1910.23).  In  independent  r e n d e r in g  p l a n t s ,  the  r a w - m a te r i a l s  r e c e iv i n g  p i t  i s  o f t e n  more than  4 f e e t  (1 .2  m) deep and i s  r o u t i n e l y  equipped w i th  conveyors or  augers  a t  t he  bottom to  move the m a t e r i a l  i n to  the  g r ind ing  system. Raw m a t e r i a l  i s  dumped i n t o  the  p i t s  from dump t r u c k s ,  f l a t b e d  t r u c k s ,  b a r r e l s ,  and wheelbarrows.  Standard guard ing  i s  nece ssa ry  p r o t e c t i o n  a t  t he se  open ings ;  however,  s p e c i a l  m o d i f i c a t i o n s  of  a toeboard  on the  cha rg ing  s i d e  of  the  opening may be a p p r o p r i a t e  so i t  w i l l  not  i n t e r f e r e  w ith  c leanup  of raw m a t e r i a l s  s p i l l e d  du r ing  the  cha rg ing  o p e r a t i o n .
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TABLE I1-3
SOURCE OF INJURY OR ILLNESS (SIC CODE 2077)
State:Year
Boxes , 

























c lass i- 
fiable
Total
California: 1977 28 2 8 2 12 16 17 42 3 130
21.5 1.5 6.2 1.5 9.2 12.3 - 13.1 32.3 2.3 100.0
Idaho: 1977 9 4 10 _ 10 5 1 13 24 1 77
11.7 5.2 13.0 - 13.0 6.5 1.3 16.9 31.2 1.3 100.0
Missouri: 1977 12 4 6 1 22 12 1 17 27 12 114
10.5 3.5 5.3 0.9 19.3 10.5 0.9 14.9 23.7 10.5 100.0
Nebraska: 1977 7 1 16 _ 1 2 1 8 24 1 61
11.5 1.6 26.2 - 1.6 3.3 1.6 13.1 39.3 1.6 100.0
Wisconsin: 1977 5 3 18 2 7 6 3 14 34 4 96
5.2 3.1 18.8 2.1 7.3 6.3 3.1 14.6 35.4 4.2 100.0
Percent weighted 
average by source*
12.8 2.9 12.1 1.0 10.9 8.6 1.3 14.4 31.6 4.4 100.0
*The sum of cases from a specific source (column) for the five reported states divided by the 
sum of cases from all sources for the five reported states, expressed as percentage
Adapted from reference 13
TABLE II-4














Cases Within a State 
























California: 1977 29 21 11 6 34 13 4 4 7 1 130
22.3 16.2 8.5 4.6 26.2 10.0 3.1 3.1 5.4 .8 100.0
Idaho: 1977 40 9 6 _ 10 4 4 2 2 - 77
51.9 11.7 7.8 - 13.0 5.2 5.2 2.6 2.6 - 100.0
Missouri: 1977 46 21 6 3 6 8 5 5 6 8 114
40.4 18.4 5.3 2.6 5.3 7.0 4.4 4.4 5.3 7.0 100.0
Nebraska: 1977 18 9 1 6 12 2 5 1 7 - 61
20.5 14.8 1.6 9.8 19.4 3.3 8.2 1.6 11.5 - 100.0
Wisconsin: 1977 36 15 3 4 16 2 12 2 4 2 96
37.5 15.6 3.1 4.2 16.7 2.1 12.5 2.1 4.2 2.1 100.0
Percent weighted 
average by type 
of accident*
35.4 15.7 5.6 4.0 16.3 6.1 6.3 2.9 5.4 2.3 100.0
*The sum of cases from a specific source (column) for the five reported states divided by the 
sum of cases from all sources for the five reported states, expressed as percentage
Adapted from reference 13
TABLE I1-5









Cases Within a State 
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tches ,













California: 1977 _ 15 10 22 10 4 51 2 1 15 130
- 11.5 7.7 16.9 7.7 3.1 39.2 1.5 .8 11.5 100.0
Idaho: 1977 _ 7 16 19 4 10 17 _ 4 - 77
- 9.1 20.8 24.7 5.2 13.0 22.1 - 5.2 - 100.0
Missouri: 1977 _ 8 17 20 7 1 24 4 25 8 114
- 7.0 14.9 17.5 6.1 0.9 21.1 3.5 21.9 7.0 100.0
Nebraska: 1977 _ 4 1 16 7 _ 23 3 7 - 61
- 6.6 1.6 26.2 11.5 - 37.7 4.9 11.5 - 100.0
Wisconsin: 1977 _ 3 10 23 7 3 23 16 6 5 96
- 3.1 10.4 24.0 7.3 3.1 24.0 16.7 6.3 5.2 100.0
Percent weighted 
average by nature 
of injury*
0 7.7 11.3 20.9 7.3 3.8 28.9 5.2 9.0 5.9 100.0
*The sum of cases from a specific source (column) for the five reported states divided by the 
sum of cases from all sources for the five reported states, expressed as percentage
Adapted from reference 13
(b)  Boxes, B a r r e l s ,  C o n t a in e r s ,  and Dead Stock
In the  f i v e  s e l e c t e d  s t a t e s ,  about  13% of t he  i n j u r i e s  l i s t e d  were a t t r i b u t e d  t o  work wi th  boxes,  b a r r e l s ,  and o th e r  c o n t a i n e r s .  Another 4% could  be a t t r i b u t e d  t o  animal p roduc ts  such as c a r c a s s e s ,  bones,  and h id e s .  Approximately 16% of a l l  a c c id e n t s  were l i s t e d  as o v e re x e r t i o n  (Table  I I - 4 ) , which most f r e q u e n t l y  invo lves  l i f t i n g ,  p u l l i n g ,  or  throwing of o b j e c t s .  The most common i n j u r y  involved s p ra in s  and s t r a i n s ,  f r e q u e n t l y  t o  t he  back [14] .
Rendering  p l a n t s  t h a t  p rocess  r e s t a u r a n t  g rease  w i l l  hand le  many heavy b a r r e l s ,  and p l a n t s  t h a t  p rocess  h ides  and p e t  food w i l l  handle  more dead s tock  than  o th e r  p l a n t s .  Many p l a n t s  do no t  hand le  any dead s to c k ,  bu t  p l a n t s  in the  west  and midwest p rocess  more dead s tock  than  those  in  o th e r  p a r t s  of  the  c o u n t r y .  In  p l a n t s  t h a t  p rocess  h i d e s ,  l i f t i n g ,  p u l l i n g ,  and throwing i n j u r i e s  inv o lv ing  h id es  and heavy bags of  s a l t  a r e  problems.
A work p r a c t i c e  guide  fo r  manual l i f t i n g  has been developed by NIOSH[19 ] ,  This guide makes recommendations fo r  c o n t r o l l i n g  v a r io u s  hazards r e l a t e d  to  unaided symmetric ( two-handed) l i f t i n g  of  an o b j e c t  of  known weight  and s i z e .  Q u a n t i t a t i v e  recommendations r e g a rd in g  the  s a f e  load w e ig h t ,  s i z e ,  l o c a t i o n ,  and frequency of h and l ing  a re  p re s e n t e d .  In a d d i t i o n  to  recommendations fo r  the  s e l e c t i o n  and t r a i n i n g  o f  workers who must  manually  hand le  m a t e r i a l s ,  the  guide p r e s e n t s  some eng inee r ing  and a d m i n i s t r a t i v e  c o n t r o l s .  The guide  w i l l  he lp  employers determine which l i f t i n g  t a s k s  be ing  performed in  t h e i r  p l a n t s  a re  unaccep tab le  w ithou t  e n g in e e r i n g  c o n t r o l s  (above a maximum p e r m i s s ib l e  l i m i t  (MPL)); u n a c c ep tab le  w i thou t  a d m i n i s t r a t i v e  or  eng in e e r in g  c o n t r o l s  (between the  a c t i o n  l e v e l  (AL) and the  MPL) and which a re  a c c e p ta b le  (below the  a c t i o n  l e v e l ) .  More d e t a i l e d  in fo rm a t io n  on the  maximum p e r m i s s ib l e  l i m i t s  anda c t i o n  l e v e l s  can be found i n  the  NIOSH work p r a c t i c e  guide fo r  manuall i f t i n g  [19],
Employers should ensure  t h a t  hazardous push ing ,  p u l l i n g ,  and l i f t i n g  t a s k s  no t  covered by the  NIOSH guide a re  e i t h e r  performed with the  a id  of  some mechanical  d e v i c e ,  such as a h o i s t ,  or  redes igned  so t h a t  they  can be performed s a f e l y .  While a h o i s t  w i l l  reduce the  p h y s i ca l  hazards  a s s o c i a t e d  w i th  manual push ing ,  p u l l i n g ,  and l i f t i n g ,  i t  could in t roduce  new p h y s i c a l  haza rd s  u n le s s  o p e r a t i o n a l  g u i d e l i n e s  a re  developed and fo l low ed .  In some r e n d e r in g  p l a n t s ,  workers c l e a n  up under perc pans he ld  up by h o i s t s .  I n s p e c t i o n  of h o i s t s  and t h e i r  c e i l i n g  connec t ions  fo r  p o s s i b l e  c o r r o s io n  should be performed f r e q u e n t l y .  Employers should a l s o  c o n s i d e r  the  use  of  j acks  or  p os t s  as s a f e t y  suppo r t s  fo r  perc pans.
At one r e n d e r in g  p l a n t  v i s i t e d  by NIOSH, workers r e s p o n s i b l e  fo r  un load ing  g rease  b a r r e l s  were aided by a conveyor t h a t  moved the  g reaseb a r r e l s  from the  un load ing  dock to  the  hot  room. A f te r  the  g rease  wasmel ted  the  b a r r e l s  were a u t o m a t i c a l l y  turned  upside  down and emptied.  This  g r e a t l y  reduced the  manual push ing,  p u l l i n g ,  and l i f t i n g  performed a t  t h i s  p l a n t  [15].
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NIOSH v i s i t e d  two o th e r  r e n de r in g  p l a n t s  t h a t  handled b a r r e l s  of r e s t a u r a n t  g r e a s e .  At one of  t h e s e ,  workers used hand t ru ck s  to  move the  b a r r e l s ;  a t  the  o th e r  p l a n t ,  because the  h o i s t  was i n o p e r a t i v e ,  the  workers moved the  b a r r e l s  manually .  Minimizing the  d i s t a n c e  req u i r e d  to  move the  b a r r e l s  w i l l  a l s o  reduce  the  amount of  push ing ,  p u l l i n g ,  and l i f t i n g  [15].
Any worker invo lved  in  l i f t i n g ,  push ing ,  o r  p u l l i n g  should be r eq u i red  t o  wear s a f e t y - t o e  foo tw ear .  Since these  jobs  a re  u s u a l l y  performed on s l i p p e r y  s u r f a c e s ,  the  s a f e t y  footwear should have s o le s  made of s l i p - r e s i s t a n t  m a t e r i a l .  S a f e t y - t o e  footwear  of  the  p rope r  type i s  e f f e c t i v e  in  reduc ing  m a t e r i a l  hand l ing  i n j u r i e s  as w e l l  as s l i p s  and f a l l s .  Recommendations fo r  s a f e t y - t o e  footwear  a re  p re sen ted  in  ANSI Z41.1-1967.
The l i d s  of  b a r r e l s  and o th e r  c o n t a i n e r s  a re  o f t e n  rough,  and cu t s  andl a c e r a t i o n s  may r e s u l t  from hand l ing  them i f  g loves  a re  not  worn. Workersshould be r e q u i r e d  to  wear g loves  when h and l ing  b a r r e l s  and o th e rc o n t a i n e r s .
( c )  Hand Tools
Hand t o o l s  were l i s t e d  as the  source  of  about  12% of the  compensable i n j u r i e s  in  r e n de r in g  p l a n t s  in  the  f i v e  s t a t e s  (Table  I I - 3 ) .  Renderers use kn ives  and axes ,  as w el l  as maintenance  t o o l s  such as wrenches,  hammers, and small  hand-held  power t o o l s  i n c lu d in g  d r i l l s ,  welding t o r c h e s ,  and small  saws. Cuts and l a c e r a t i o n s ,  most f r e q u e n t l y  of  the  f i n g e r s  and hands,  a re  caused o f t e n  by hand t o o l s .
The most f r eq u en t  hand t o o l  a c c id e n t s  in  many r e n d e r in g  p l a n t s  involvek n ives .  In some ren d e r in g  p l a n t s  knives  a re  used to  s k in ,  g u t ,  and bonec a r c a s s e s  and t r im  h i d e s .  Skinners  of  dead s to c k  have o f t e n  i n ju re df i n g e r s ,  hands,  arms,  t h i g h s ,  knees ,  l e g s ,  and f e e t  [16] .  According tothe  1979 F i r s t  R epo r t s ,  h id e  trimmers had s i m i l a r  a c c i d e n t s .  These r e n d e r in g  p l a n t s  should have a k n i fe  s a f e t y  program t h a t  i nc ludes  the use o f  p e r s o n a l  p r o t e c t i v e  equipment and t r a i n i n g .  The F i r s t  Reports  c i t e dabove i n d i c a t e  t h a t  when a worker was c u t t i n g  a c a rc a s s  every p a r t  of h i s  body was v u l n e r a b l e  to  k n i f e  wounds. The use of  p e r so na l  p r o t e c t i v e  equipment shou ld ,  t h e r e f o r e ,  be as e x te ns iv e  as p o s s i b l e .
Other f r eq u en t  causes  of  hand t o o l  i n j u r i e s  r e s u l t  from c l e a v e r s ,  axes ,  and l a r g e  knives used t o  reduce the  animal c a r c a s s e s  t o  a s i z e  t h a t  i s  amenable to  the  r e n d e r in g  p l a n t ' s  equipment.  P r o t e c t i v e  equipment inc lu d in g  mesh g loves ,  arm p r o t e c t o r s ,  and abdominal p r o t e c t o r s  should be used by workers c u t t i n g  up the  c a r c a s s e s .  Knives used i n  t h i s  t a s k  should have maximally guarded h a n d le s ,  des igned to  p reven t  the  hand from s l i p p in g  onto  the  b la d e .
Hand tool-related injuries during maintenance operations can be
reduced by the use of personal protective equipment such as safety shoes
and gloves and by training workers in the proper use of tools. General
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i n d u s t r y  s t a n d a rd s  fo r  the  use of  hand t o o l s  a r e  l i s t e d  in  29 CFR 1910.241-1910.247.  Hand saws and o th e r  powered t o o l s  must be p ro p e r ly  grounded,  i n s u l a t e d ,  or  enc losed  because  of  t he  wet c o n d i t i o n s  t h a t  o f t e n  e x i s t  du r ing  t h e i r  u se .  Powered equipment t h a t  uses a c o n s t a n t  p r e s s u r e  sw i tch  must be chosen,  when a v a i l a b l e ,  i n  o rd e r  t o  shu t  o f f  t he  power when the  o p e r a t o r  r e l e a s e s  t he  p r e s s u r e .  To p r o t e c t  the  eyes from f l y in g  p a r t i c l e s  when g r i n d i n g ,  c u t t i n g ,  or  sawing,  workers should wear a p p r o p r i a t e  eye p r o t e c t i o n ,  such as face  s h i e l d s ,  s a f e t y  g l a s s e s  with s ide  s h i e l d s ,  gogg les ,  o r  a combinat ion .
(d) Powered I n d u s t r i a l  Trucks
V eh ic le s  were r e p o r t e d  t o  be involved in  about  9% of t he  i n j u r i e s  (Table  I I - 3 ) . All  v e h i c l e s  used in  the  i n d u s t r y  were i nc lud e d ,  such as raw m a t e r i a l  pickup t r u c k s ,  f o r k l i f t  t r u c k s ,  and f r o n t - e n d  l o a d e r s .  V e h i c l e - r e l a t e d  a c c id e n t s  occur both  in  the  c o l l e c t i o n  of  raw m a t e r i a l  from b u tc h e r  shops,  r e s t a u r a n t s ,  and meatpacking p l a n t s  ( a c t i v i t i e s  not  inc luded  in  the  scope of  t h i s  document) ,  and in  the  r e n de r in g  p l a n t s  th e m s e lv e s .
Adherence to  t he  r e g u l a t i o n s  f o r  powered i n d u s t r i a l  t r u c k s  l i s t e d  in  29 CFR 1910.178 w i l l  reduce the se  i n j u r i e s .  They r e q u i r e  s a f e t y  t r a i n i n g  o f  o p e r a t o r s ,  i n s t a l l a t i o n  o f  m i r r o r s  a t  b l i n d  c o r n e r s ,  i n s p e c t i o n  of  v e h i c l e s  p r i o r  to  u se ,  and the  use of  only p ro p e r ly  m a in ta ined  equipment.
(e )  Metal Items
Metal  i tems such as s h a f t s ,  d i s c s ,  and p u l l e y s  were involved in  about 11% of a l l  compensable i n j u r i e s  in t he  s e l e c t e d  s t a t e s  (Table  I I - 3 ) ; most i n j u r i e s  were c u t s ,  l a c e r a t i o n s ,  and c on tu s io ns  [1 4 ] .  M e t a l - i t e m - r e l a t e d  i n j u r i e s  occur red  p r i m a r i l y  in  the  h an d l in g  of  t h e s e  o b j e c t s  dur ing  maintenance  in  t i g h t  q u a r t e r s  and around ho t  equipment i n  an uncomfortable  (hot  and humid) env ironment.  These i n j u r i e s  can be preven ted  by the  use o f  p r o t e c t i v e  equipment such as s a f e t y  shoes ,  g lo v e s ,  and head p r o t e c t i o n  (hard  h a t s )  and the  t r a i n i n g  of  workers i n  p ro pe r  m a t e r i a l s  h a n d l in g  t e c h n i q u e s .
( f )  Machines and Conveyors
Machines such as g r i n d e r s ,  cookers ,  p r e s s e s ,  and c e n t r i f u g e s  were the  source  of  about  1% of the  compensable i n j u r i e s  (Table  I I - 3 ) .  These machines a r e  a r e l a t i v e l y  minor source  of  compensable i n j u r i e s  i n  the  r e n d e r in g  p ro ce s s .  Adherence to  the  g en e ra l  r e g u l a t i o n s  fo r  machine guard ing  l i s t e d  i n  29 CFR 1910 Subpart  0 w i l l  con t in u e  to  p r o t e c t  the  o p e r a to r  and o th e r  workers from the  moving p a r t s  of  machines .
Rendering p l a n t s  use  screw conveyors (au ge rs )  t o  move m a t e r i a l  through  the  p r o c e s s .  To p reven t  workers from coming i n t o  c o n t a c t  with  moving p a r t s ,  conveyors should be provided  wi th  covers  t h a t  a r e  e i t h e r  b o l t ed  on or  e l e c t r i c a l l y  i n t e r l o c k e d ,  which ensures  t h a t  t he  conveyor w i l l  no t  be o pe ra ted  w i thou t  p rope r  guards in  p l a c e .  Where screw conveyors cannot be
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f u l l y  enc losed  ( r e c e i v i n g  p o i n t s  and some p o i n t s  o f  d i s c h a r g e ) ,  theyshould be hooded or guarded by l o c a t i o n  or  o th e r  s u i t a b l e  b a r r i e r .  S t a r t  and s to p  c o n t r o l s  should be lo c a te d  and guarded to  p reven t  a c c i d e n t a l  o p e r a t i o n ,  and a s u f f i c i e n t  number of  c o n t r o l s  should be providedth roughout  the  p rocess  a r e a  to  s top  the  conveyors in  an emergency.
P la n t  machines and conveyors r e q u i r e  main tenance ,  i n s p e c t i o n ,  c l e a n in g ,  a d j u s t i n g ,  and s e r v i c i n g .  Work t h a t  r e q u i r e s  e n t r a n ce  i n t o ,  or  c l o s e  c o n t a c t  w i th ,  machines or  conveyors should not  beg in  u n t i l  1o c k o u t / t a g o u t  procedures a re  fo l lowed.  NIOSH i s  p re p a r in g  a document on c o n t r o l l i n g  maintenance hazards  t h a t  r e s u l t  from the  p resence  o f  energy [20 ] .  The recommendations o f  t h i s  document a re  a p p l i c a b l e  to  i n d u s t r i e s  t h a t  use hazardous  l e v e l s  of  energy fo r  machines or  p ro ce s se s  and where maintenance  a c t i v i t i e s  could  b r in g  workers c lo s e  to  r e s u l t i n g  h a z a rd s .  In th e se  i n s t a n c e s ,  maintenance should only be performed a f t e r  the  energy i s  e l im in a t e d  or  c o n t r o l l e d  in  accordance  w i th  the  recommendations.
The employer should be aware of  the Federa l  r e g u l a t i o n s  (29 CFR1910.179) f o r  the o p e r a t i o n  of  c ranes  used to  r e p a i r  r e n d e r i n g  equipment.  R egu la t ions  a l s o  e x i s t  (29 CFR 1910.184) fo r  the s e l e c t i o n  and i n s p e c t i o n  o f  c ha in s  used fo r  h o i s t i n g .  Workers should never a t t em p t  to  unkink  acha in  t h a t  i s  under s t r e s s .
(g)  Hot Objects
Steam and hot  w a te r ,  f a t  p r o d u c t s ,  and process  equipment such as cookers  and r i n g  d ry e r s  a re  sources  of  burns in  ren d e r in g  p l a n t s .  Burnswere r e p o r t e d  in  about 8% of t he  compensable cases (Table I I - 5 ) .
Steam and hot  water  a re  f r e q u e n t l y  used in  some r e n d e r in g  p l a n t s  t o  hose  down equipment and g re a s y ,  s l i p p e r y  a r e a s .  In some F i r s t  R e p o r t s ,  workers burned t h e i r  legs  and f e e t  whi le  u s ing  steam or ho t  w a te r  to  c l e a n  t h e i r  boots [16].  Some workers u s ing  cold  w ate r -s team  mix hoses f o r  ho t  water  o p e r a t io n s  have been exposed to  steam when they mix too much steam with  w ate r .  Other workers have been burned by steam and hot  w a te r  becausethey l o s t  c o n t ro l  of  hoses dur ing  c leanup  o p e r a t i o n s .
Steam and hot  w ate r  l i n e s  should be marked and i n s u l a t e d .  Hose used fo r  cold  w ate r - s team  mixes should be approved fo r  use with  steam. Cold w a te r - s t e a m  mixes fo r  o b ta in in g  ho t  w ate r  can be used only  i f  s u i t a b l e  t h e r m o s t a t i c a l l y - c o n t r o l l e d  mixing u n i t s  a re  used.  Mixing u n i t s  need t o  w i th s ta n d  tem pera tu re s  of  180 F (82 C) a t  a p r e s s u r e  of  150 p s i .  To d isco u rage  workers from us ing  a hose with w ate r  t em pera tu res  rang ing  from 140 to  180 F (60 to  82 C) to  wash p e r so na l  equipment,  equipment w ash -o f f  s t a t i o n s  should be e s t a b l i s h e d  in the p l a n t .  Water t em pera tu res  a t  t h e s e  s t a t i o n s  should be no h ig h e r  than  120 F (49 C). To e l i m i n a t e  a c c i d e n t s  o c c u r r i n g  when workers lo se  c o n t ro l  of  a hose ,  steam and hot  w ate r  hoses  should be equipped with  p r e s s u r e - a c t i v a t e d  n o z z le s .  These n ozz le s  a u t o m a t i c a l l y  shut  o f f  the  steam or water  when the  worker l e t s  go of  the  n o z z le .  To p reven t  hoses  from ru p tu r i n g ,  f r eq u en t  i n s p e c t i o n s  should  be made to  a s s e s s  the c o n d i t io n  of the hose.  Mixing v a lv es  should a l s o  be in s p e c te d  f r e q u e n t l y .
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(h)  R e p e t i t i v e  Body Motion
When an i n j u r y  i s  due to  a w orke r ' s  r e p e t i t i v e  motion r a t h e r  than  to  what he i s  doing wi th  an o b j e c t ,  bod i ly  motion should be d es igna ted  as the  s o u rce  of  the  i n j u r y .  Research has shown t h a t  cum ula t ive  trauma d i s o r d e r s  of  t h e  hand and w r i s t  a re  a common problem f o r  workers who perform r e p e t i t i v e  manual work. In r e c e n t  y e a r s ,  t e n d o n i t i s  and t e n o s y n o v i t i s  have become s i g n i f i c a n t  o ccupa t iona l  d i s e a s e s  in  some i n d u s t r i e s .  In r e n d e r i n g  p l a n t s ,  some o p e ra t io n s  with  kn ives  and shove ls  a re  r e p e t i t i v e .  In  Nebraska ,  b o d i ly  motion was l i s t e d  as the  source  of  8% of a l l  r ende r ing  i n j u r i e s .  Spra ins  and s t r a i n s  a re  the  most f r equen t  type of i n ju ry  r e s u l t i n g  from b o d i ly  motion [14].  There a re  r e p o r t s  [16] of  t e n o s y n o v i t i s  in  workers who skinned dead s tock .
Hazards from P h y s ica l  Agents
(a)  Noise
Workers may be exposed to  h igh  n o i s e  l e v e l s  in  some r e n de r in g  p l a n t s  because  b o i l e r s ,  p r e - b r e a k e r s ,  c r u s h e r s ,  d i s i n t e g r a t o r s ,  and g r ind ing  m i l l s  can g e n e ra te  n o i s e  exceeding 90 dBA (Table  I I - 6 ) .
In  1976, an OSHA in s p e c t i o n  of  an independent  p l a n t  found t h a t  an o p e r a t o r  a t  a c o n t r o l  pane l  of  the  i n e d ib l e  re n de r in g  o p e r a t io n  was exposed t o  a t ime-weighted  average  no ise  l e v e l  of 91 dBA dur ing  an 8 .5 - h o u r  exposure .  The c o n t r o l  panel  in  t h i s  p l a n t  was between two c oo k e r s ,  w ith  a hogger (bone c ru sh e r )  overhead .
U nsuccess fu l  a t t em p ts  t o  reduce the  n o i s e  l e v e l  inc luded  i n s t a l l i n g  rubbe r  pads under motor mounts,  maintenance of  b e a r i n g s ,  i n s t a l l i n g  a c u r t a i n  t o  reduce  the  impact of  ground bones on the  s i d e  of  the  b in ,  and s e p a r a t i n g  the  meta l  p a r t s  of p ro cess in g  equipment with  sound-deadening m a t e r i a l s .  The s u c c e s s f u l  s o l u t i o n  was to  i n s t a l l  a c o n t r o l  boo th.  The boo th  i s  used by the  o p e ra to r  to  monitor  the  machinery c o n t ro l  pane l  and t o  do paperwork.  With the  doors of  the  booth c lo s e d ,  read ings  of  72 to 75 dBA were ob ta ined  a t  t imes of  h ig h e s t  no i se  g e n e r a t i o n .  Noise l e v e l s  in  t h i s  p l a n t  a re  t y p i c a l  f o r  a p l a n t  w i th  s i m i l a r  equipment and equipment l ay o u t  (D Mackenzie,  w r i t t e n  communication,  January  1979).
During NIOSH v i s i t s  [15] to  two independen t  r e n d e r in g  p l a n t s  w ith  Duke re n d e r i n g  systems,  n o i se  measurements were made. The c o n t r o l  panel  in  one p l a n t  was in  f r o n t  of  two cookers  and c l o s e l y  surrounded by the  r e s t  of the  p rocess  equipment,  except  fo r  the  hammer m i l l  which was in  an a d jacen t  room. Noise l e v e l s  o f  91 dBA and 96 dBA were recorded  a t  the  c o n t r o l  pane l  and hammer m i l l ,  r e s p e c t i v e l y .  At the  o th e r  p l a n t  where the hammer m i l l  was complete ly  i s o l a t e d  in  a s e p a r a t e  room, 81 dBA was measured a t  the  c o n t r o l  pane l .  A d i f f e r e n t  l ayou t  of p rocess  equipment a t  t h i s  p la n t  was a l s o  a f a c t o r  in  t he  lower n o i se  measurements.
27
Noise measurements taken  6 f e e t  ( 2 m )  in  f r o n t  of  hammer m i l l s  a t  four r e n d e r in g  p l a n t s  v i s i t e d  by NIOSH ranged from 94 to  106 dBA. These l e v e l s  c o n t r i b u t e d  to  background n o i s e  l e v e l s  a t  work s t a t i o n s  in  the  p l a n t .
In fo rm a t ion  has been ob ta ined  concern ing  n o i s e  l e v e l s  near  p rocess  equipment (Anderson IBEC con t inuous  system) a t  two ren d e r in g  p l a n t s  (A P h i f e r ,  w r i t t e n  communication, June 1978). The d a t a  a r e  p re se n te d  in  Table  I I - 6 .  With the  e xc e p t ion  of  one l o c a t i o n ,  t he  r e p o r t e d  a rea  n o i se  l e v e l s  equaled or  exceeded 90 dBA. In  the  b o i l e r  a r e a ,  measurements of  97 and 98 dBA were reco rded .  The e x t e n t  of  worker exposure to  n o i se  a t  the se  l e v e l s  was not  recorded .  Except  fo r  the  b o i l e r  room, s i m i l a r  n o i se  l e v e l s  were o b ta in ed  on a NIOSH p l a n t  s i t e  v i s i t  a t  a no the r  r e n d e r in g  p l a n t  with  an Anderson system. Noise l e v e l  measurements taken  a t  cookers and e x p e l l e r s  ( p r e s s e s )  were u s u a l l y  g r e a t e r  than  85 dBA, but  they always inc luded  background n o i se  [15] .
E ng ineer ing  c o n t r o l s  and p re v e n t i v e  maintenance  a r e  impor tan t  elements of n o i se  c o n t r o l .  P roper maintenance  of  b e a r i n g s ,  d r i v e  g e a r s ,  r o l l e r s ,  and o th e r  moving p a r t s  i s  impor tan t  in  minimiz ing n o i s e  g e n e r a t i o n .  Some n o isy  equipment may be enc losed  and i n s u l a t e d .  At some re n de r in g  p l a n t s  v i s i t e d  by NIOSH, the  l ayou t  of  the  p rocess  equipment,  i n c lu d in g  the complete i s o l a t i o n  of  the  g r in d in g  m i l l s  in a s e p a r a t e  room, provided  awork environment w itho u t  exposure  to  h igh  n o i se  l e v e l s .  M uff le rs  may be used on steam or com pres sed -a i r  exh aus ts .  Soundproof booths  or enc losed  c o n t r o l  rooms may a l s o  be provided fo r  o p e ra to r s  in  a no isy  env ironment .  I f  n o i s e  l e v e l s  o r  exposure pe r io d s  cannot be reduced ,  warning s igns  should be pos ted  in  the  exposure  a r e a ,  and workers in  the  a rea  should wear h e a r in g  p r o t e c t i o n ,  such as e a r  muffs,  rubber  or  foam e a rp lu g s ,  or  f i b e r  p lu g s .  Various NIOSH p u b l i c a t i o n s  c o n t a in  in fo rm a t io n  n ec e s sa ry  fo r  an e f f e c t i v e  n o i s e  c o n t r o l  program [21-23] ,  Noise c o n t r o l  should becon s ide red  when purchas ing  new equipment.
(b) F i r e
I n d u s t ry  p r o f e s s i o n a l s  have c i t e d  f i r e  as a common danger  in r ende r ingp l a n t s .  The f i r e  hazard  r a t i n g  of  r e n d e r in g  p l a n t s  i s  h ig h ,  a cco rd ing  toB e s t ' s  Loss Cont ro l  Eng ineer ing  Manual [24],  which p rov ides  d a ta  on the  in su red  lo ss  ( f i r e ,  workmen's compensa tion,  p roduc t  l i a b i l i t y )  o f  a broad c r o s s - s e c t i o n  of  i n d u s t r y .  B e s t ' s  r a t i n g  system i s  based on the  average expe r ience  of  insu rance  companies encompassing 90-98% o f  the  premiums w r i t t e n .  Batch r e n d e r in g  o p e r a t i o n s  re ce iv ed  a r a t i n g  of  8 on a s c a l e  of  0 to  10, with 10 r e p r e s e n t i n g  the  g r e a t e s t  hazard  of  f i r e s .  Older ba tch  p l a n t s  a re  more s u s c e p t i b l e  because  they were c o n s t r u c t e d  with  wood or o th e r  combust ib le  m a t e r i a l s .  Continuous r e n d e r in g  o p e ra t io n s  were c on s ide red  l e s s  haza rdous ,  bu t  no numer ica l  r a t i n g s  were g iven .  Continuous systems a re  u s u a l l y  i n s t a l l e d  in  new b u i l d i n g s  c o n s t r u c t e d  o f  s t e e l  and c on c re te  b lock  o r  o th e r  noncombust ib le  m a t e r i a l s  (W Prokop,  w r i t t e n  communication, June 1978).
A lead in g  cause of  i n d u s t r i a l  f i r e s  i s  d e f e c t i v e  e l e c t r i c a l  equipment and w i r in g  [25].  S p e c i f i c  problems a t  r en d e r in g  p l a n t s  inc lude  improperly
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grounded equipment,  f r ayed  and bared  w i r e s ,  wet m a t e r i a l  around e l e c t r i c a l  o u t l e t s ,  and loose  and cor roded  condu i t  c o n n ec t io n s .  E l e c t r i c a l  equipment and w i r in g  should be i n s t a l l e d  and m a in ta ined  in  accordance  with  the l a t e s t  N a t iona l  E l e c t r i c a l  Codes. Because of  the c o r r o s i v e  n a tu r e  of  the chemicals  used and g iven  o f f  in  r en d e r in g  p l a n t s ,  a l l  e l e c t r i c a l  equipment and w i r in g  should be p e r i o d i c a l l y  in sp e c te d  and t e s t e d  to  d e t e c t  d e f i c i e n c i e s  and ensure  con t inued  s a t i s f a c t o r y  per fo rmance .  Automatic s p r i n k l e r  or foaming systems can be used e f f e c t i v e l y  fo r  f i r e s  in  r e n d e r in g  p l a n t s ,  but  they  must be p ro p e r ly  lo c a te d  fo r  maximum e f f i c i e n c y .
TABLE I I - 6
NOISE-LEVEL MEASUREMENTS AT TWO RENDERING PLANTS*
Loca t ion  of  Noise Measurement Decibe lsC'A" 
P la n t  A
s c a l e  read in g )  
P la n t  B
P r e -b re a k e r 95 93
D i s i n t e g r a t o r s 96 92
E x p e l l e r s 93 90
C e n t r i fu ge - 93
Opera t ing  f l o o r 94 93
F i l t e r  p re ss - 90
Grinding m i l l 92 89
Two b o i l e r s 97 98( 1 on) (2 on)
B o i l e r  header  steam leak 104 -
*Area measurements; p e r so na l  m on i to r ing  was no t  performed.
Adapted from A P h i f e r ,  w r i t t e n  communication, June 1978
Welding and thermal  c u t t i n g  pose a p o t e n t i a l  f i r e  hazard  i n  confined  spaces and re n d e r in g  p l a n t  a rea s  i n  which g reas e  and o th e r  combust ib le  m a t e r i a l s  have accumulated (A P h i f e r ,  w r i t t e n  communication,  June 1978) [16 ] .  They should be performed under maximum f i r e - s a f e  working
V
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c o n d i t i o n s .  Grease or  o th e r  combust ib le  d e p o s i t s  must  be removed from the  working s u r f a c e ,  and sparks should be c o n t a in e d .  F i r e  e x t i n g u i s h i n g  equipment s u i t a b l e  to  the  p l a n t  a rea  should be a v a i l a b l e  in  adequa te  q u a n t i t i e s  w i th in  easy reach (A P h i f e r ,  w r i t t e n  communication, June1978).
Excess ive  h ea t  genera ted  by f r i c t i o n  i s  a n o th e r  major source  of  f i r e s .  Such excess ive  hea t  may r e s u l t  from inad eq u a te  l u b r i c a t i o n ,m isa l igned  b e a r i n g s ,  and improperly a d ju s t e d  b e l t - d r i v e n  machinery.  A program of p re v e n t iv e  maintenance t h a t  i nc lud es  f r e q u e n t  i n s p e c t i o n s  can minimize the  r i s k  of  f i r e s  from th e s e  s o u r c e s .  Spontaneous i g n i t i o n  may a l s o  occur in  r ende r ing  p l a n t s ,  p a r t i c u l a r l y  in  t he  perc  pans of  the  b a tch  cooker systems i f  rendered m a t e r i a l ,  h ea ted  to  t em p e ra tu r e s  above 120 C (250 F ) , i s  he ld  in the pan fo r  a pro longed p e r io d  (eg ,  o v e rn ig h t )  [26].  F i r e s  of  t h i s  type r e p o r t e d l y  can be avoided i f  t he  m a t e r i a l  i s  p rocessed  w i th in  8 to  12 hours a f t e r  the f a t  i s  d ra in e d  (W Prokop,  w r i t t e ncommunication, December 1979).
Fa t  m i s t s  from cookers may coa t  the  e n t i r e  i n s i d e  o f  a r e n d e r in g  p l a n t .  Although f a t s  do not  have a low f l a s h p o i n t ,  they  can be i g n i t e d  by open f lames used c a r e l e s s l y  or  by u n c o n t r o l l e d  h e a t i n g .  I f  exhaus t  v e n t i l a t i o n  i s  used to  p reven t  the  s e t t l i n g  of  r e l e a s e d  f a t  a e r o s o l s ,  t he  exhaus t  ductwork must a l s o  be kept  c l e a n .  Exhaust  fans should be equipped fo r  automat ic  s h u to f f  in  the  event  of  f i r e .
P roper o p e r a t io n  and maintenance  of  b o i l e r s  and o t h e r  p r e s s u r e  v e s s e l s  a re  e s s e n t i a l  to  t h e i r  sa fe  u se .  B o i l e r s  must be o p e ra t ed  in  s t r i c t  conformance with  l o c a l  codes.  At a minimum, a l l  p r e s s u r e  v e s s e l s  should be equipped with  ru p tu re  d i s c s  and v en t s  to  p reven t  e x p lo s io n .
(c )  Heat
Some r e n d e r in g  p l a n t  workers  ( e s p e c i a l l y  tho se  working above hot  p rocess  equipment) a re  exposed to  ho t  and humid work env i ronm ents ,  p a r t i c u l a r l y  du r ing  the  summer [1 5 ,2 4 ] .  Such exposure  may r e s u l t  in  h e a t  s t r o k e ,  hea t  e xhaus t ion ,  hea t  cramps, h e a t  r a s h ,  and h e a t  f a t i g u e .
A w o rk e r ' s  a b i l i t y  to  do h i s  job i s  a f f e c t e d  by working i n  ho t  envi ronments.  Heat tends to promote a c c i d e n t s  due to  the  s l i p p e r i n e s s  of  sweaty palms, d i z z i n e s s ,  or  the  fogging of s a f e t y  g l a s s e s .  S ince  the  frequency of a c c id e n t s  in  gen e ra l  appears  to  be h ig h e r  in  ho t  env i ronm ents ,  i t  i s  impor tant  to  ensure  t h a t  thermal  s t r e s s  does no t  make re n d e r in g  jobs  more dangerous [27].
Much h e a t  i s  c r e a t e d  in r e n d e r i n g  p l a n t s  by equipment such as cookers and d r y e r s .  Energy c o n s e rv a t io n  e f f o r t s  t h a t  i n s u l a t e  ho t  equipment and steam and condensa te  p ip ing  w i l l  h e lp  reduce the  h e a t  load in  re n d e r in g  p l a n t s .  Local exhaust  systems a t  h e a t  sources  and gen e ra l  p l a n t  v e n t i l a t i o n  systems can a l s o  remove h e a t  and hum id i ty  from the  work a re a s  (A P h i f e r ,  w r i t t e n  communication, June 1978) and i n c r e a s e  a i r  c i r c u l a t i o n .
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I f  h e a t  s t r e s s  i s  su s p e c te d ,  v a r io u s  means can be used t o  a l l e v i a t e  i t .  These means seek to  reduce  h e a t  s to r a g e  by the  body,  e i t h e r  by l i m i t i n g  inp u t  h e a t  load ,  l i m i t i n g  m e tabo l ic  h e a t  load ,  o r  l i m i t i n g  exposure d u r a t i o n .  In p r a c t i c e  t h i s  can be r a d i a n t  h e a t  s h i e l d i n g ,  forced a i r  movement, c l o t h i n g  des igned  to  minimize h e a t  a b s o r p t i o n  and maximize e v a p o r a t iv e  c o o l in g ,  and worker r e s t  schedu les  des igned  to  p reven t  body tem pera tu re s  from i n c r e a s i n g  over the  work s h i f t  [28 ] ,
I n t ak e  a i r ,  coo led  by w a t e r -h e a t  exchange,  was d i r e c t e d  a t  job s t a t i o n s  fo r  workers o p e r a t i n g  cookers  a t  one p l a n t  v i s i t e d  by NIOSH [15] .  A NIOSH c r i t e r i a  document on ho t  envi ronments [28] recommended t h a t  newly exposed workers  be a c c l i m a t i z e d  and t h a t  exposure  t ime be s h o r t .  A j o i n t  OSHA/NIOSH pamphlet ,  Hot Environments, i s  a v a i l a b l e  to  g ive  employers and workers an overview of the  h e a l t h  haza rd s  of  work in  hot  environments and t o  a l e r t  them to  the  p r e c a u t i o n s  needed to  avoid e x c e s s iv e  h ea t  s t r e s s  [27] .
Hazards from Bio log ic  and Chemical Agents
(a)  Acute T o x ican t s ,  In c lu d in g  Asphyxiants
The anae rob ic  decomposi t ion  of  b io l o g i c  m a t e r i a l  can produce gases t h a t  may accumulate in  d r a i n s ,  sewers,  t a n k s ,  and o th e r  conf ined  or  enc losed  spaces .  F a t a l i t i e s  r e p o r t e d  by two r e n d e r in g  f a c i l i t i e s  r e s u l t e d  from an apparen t  accumula t ion  of  t o x ic  gases in  conf ined  spaces [2 9 ,3 0 ] ,  S ince  t h i s  has not  been widely  recogn ized  as a hazard  in  the  r e n d e r in g  i n d u s t r y ,  the se  ep isodes  a re  d i s cu s sed  h e re  i n  d e t a i l .
In 1975, workers d ied  a t  a r en d e r in g  p l a n t  where they  were exposed to  gases  thought  to  be the  r e s u l t  of decomposi t ion  of  animal m a t e r i a l[2 9 .3 1 ] ,  Six men were a sphyx ia ted  when a clogged d r a i n  was opened,  presumably r e l e a s i n g  l e t h a l  q u a n t i t i e s  o f  gaseous p roduc ts  i n t o  a confined  s p a c e .
The animal m a t e r i a l s  had been d e l i v e r e d  by t r u c k ,  weighed,  and dumped i n t o  a l a r g e  ho ld ing  p i t  fo r  m a t e r i a l s  to  be rendered  [2 9 ,3 1 ] ,  A f te r  the  t r u c k s  were unloaded,  they  were washed o u t ,  the  d ra in age  e n t e r i n g  ano the r  p i t  ( f o r  waste c o l l e c t i o n )  below the  s c a l e s .  This p i t  normally  d ra ined  i n t o  a t h i r d ,  a d jo in in g  p i t  by g r a v i t y  through  a 6 - inch  d r a in  p ipe .  However, the  d r a in  p ipe  was thought to  have been clogged fo r  2 to  7 days[2 9 .3 1 ] .
A maintenance  man descended i n t o  the  t h i r d  p i t  t o  open the  clogged d r a i n ,  spending approx im ate ly  20 minutes in  the  p i t  w i th  no apparen t  i l l  e f f e c t s  [31] .  L a t e r ,  he r e e n t e r e d  the  t h i r d  p i t  to  shut  o f f  a sump pump but  c o l l a p s e d  whi le  a t t e m p t in g  to  cl imb o u t .  Five men a t t e m p t in g  to  r e s c u e  him a l s o  d ied  a f t e r  e n t e r i n g  the p i t .  None wore r e s p i r a t o r y  p r o t e c t i o n  of  any k ind .
Medical  and au topsy  f i n d in g s  showed s igns  of  g en e ra l  hypoxia ( s t a t e d  as anoxia  [29])  with  a cu te  edema of the  b r a in  and lungs .  Four of  the  s i x
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v ic t im s  had severe  r e s p i r a t o r y  i r r i t a t i o n ,  and one had a g re en i sh  d i s c o l o r a t i o n  of  the  v i s c e r a .  Lung samples from f i v e  of  the  v ic t im s  were ana lyzed  by gas chromatograph fo r  en t rapped  hydrogen s u l f i d e ;  four lung samples from persons who had d ied  from n o n i n d u s t r i a l  causes were analyzed as c o n t r o l s .  Hydrogen s u l f i d e  was i d e n t i f i e d  in  a l l  samples from the  v ic t im s  and in  none from the  c o n t r o l s .  In  a d d i t i o n ,  co ins  and keys in  the  pockets  o f  some v ic t im s  were darkened ,  and an a n a l y s i s  of  them was p o s i t i v e  fo r  s u l f u r .
Sludge samples c o l l e c t e d  from the  bottom of t he  p i t  were r e f r i g e r a t e d  on the  n ig h t  of  the  a c c id e n t  and t e s t e d  q u a l i t a t i v e l y  fo r  hydrogen s u l f i d e  the  nex t  morning w ith  l ead  a c e t a t e .  The t e s t s  were p o s i t i v e  [31] .  On the  day fo l lowing  the  a c c i d e n t ,  lead  a c e t a t e  paper exposed 3 f e e t  (0 .9  m) above the  sludge  was p o s i t i v e  fo r  hydrogen s u l f i d e .  The tox ico log y  department  a t  Ohio S t a t e  U n i v e r s i t y  c o l l e c t e d  a 4 0 - l i t e r  a i r  sample from the  p i t  on the  day a f t e r  the  a c c i d e n t ,  u s ing  a cadmium c h l o r i d e  s o l u t i o n  in a midget impinger [31 ] .  Approximately 15 ppm of hydrogen s u l f i d e  was found i n  the  sample.  Samples c o l l e c t e d  in  Saran bags by NIOSH personne l  2 days a f t e r  the  a c c id e n t  showed t r a c e s  of  hydrogen s u l f i d e  (2 -3  ppm), bu t  were n e g a t iv e  fo r  methane,  com bus t ib le  g as es ,  oxygen d e f i c i e n c y ,  and oxides  of  n i t r o g e n .
The i n v e s t i g a t o r s  i n t e r p r e t e d  the  evidence  as i n d i c a t i n g  t h a t  the  dea ths  were probably  caused by exposure t o  gases produced by decomposit ion  o f  s u l f u r - c o n t a i n i n g  o rgan ic  m a t e r i a l  [29 ] .  On the  b a s i s  o f  the  medical  and env ironmenta l  f i n d i n g s  (symptomatology,  p a th o lo g ic  f i n d i n g s ,  q u a l i t a t i v e  i d e n t i f i c a t i o n  of  gases  i n  a i r  and s ludge)  and of the  o p e r a t i o n a l  c i rcum s tances  and h i s t o r y  of  t h i s  ep i so de ,  hydrogen s u l f i d e  a lone  or  a combinat ion  o f  carbon  d io x id e ,  methane,  and hydrogen s u l f i d e  was b e l i e v e d  to  be the  most l i k e l y  cause  [29].
A s i m i l a r  ep isode  was r e p o r t e d  r e c e n t l y  [30] .  Two workers d ied  in  June 1980 a t  a r e n de r in g  f a c i l i t y  of  a p o u l t r y  p ro ce s s in g  p l a n t  where they were exposed to  an o x y g e n - d e f i c i e n t  environment or  to  gases t h a t  were thought to  have r e s u l t e d  from decomposi t ion  of  animal m a t e r i a l .  The two men were a sphyx ia ted  when they  cl imbed to  the  bottom of a 15- foo t  (meat) overf low h o ld ing  tank (#2) t h a t  p o s s ib ly  con ta ined  l e t h a l  q u a n t i t i e s  of  gaseous p ro d u c t s .
This  overf low tank  (#2) was f i l l e d  w ith  ch icken  p a r t s  (head ,  f e e t ,  and v i s c e r a )  whenever the  cooker and ano the r  overf low tank  (#1) were f u l l .  The m a t e r i a l  p laced  i n  the  overf low tanks  was u s u a l l y  p rocessed  w i th in  14 hou rs .  Although the  i n s i d e  of  overf low tank #1 was c leaned  out  a t  l e a s t  t h r e e  t imes  p e r  week, the  i n s i d e  of  overf low tank  #2,  because  of  i t s  l o c a t i o n ,  was not  c leaned  out  r e g u l a r l y .  To give  i t  a c le a n  appearance ,  however,  the  o u t s i d e  was c leaned  r e g u l a r l y .
The men were r eques ted  to  e n t e r  the  tank (#2) to  remove ro o f in g  m a t e r i a l  t h a t  had f a l l e n  i n t o  the  tank  the  day b e f o r e .  Both men c o l l a p s e d  and d ied  whi le  i n s id e  the  t ank ,  n e i t h e r  man wearing r e s p i r a t o r y  p r o t e c t i o n  o f  any k in d .  No a u to p s i e s  were performed.  At h igh  t em p e ra tu r e s ,  the
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s u l f u r - c o n t a i n i n g  amino a c id s  in  t he  p o u l t r y  o f f a l  remaining in  the  overf low tank  could have degraded and produced hydrogen s u l f i d e .  The r o o f i n g  m a t e r i a l  clogged a d r a in  a t  the  bottom of t he  t ank ,  a l lowing  b u i ldup  o f  any gases  t h a t  may have formed [30] ,  The evidence  i n d i c a t e s  t h a t  the  dea ths  cou ld  have been caused by hydrogen s u l f i d e  exposure produced by decomposi t ion  of  s u l f u r - c o n t a i n i n g  o rgan ic  m a t e r i a l .
D e t a i l s  of  the  t o x i c o l o g i c  e f f e c t s  of  o c c u p a t io n a l  exposure to  hydrogen s u l f i d e  and carbon d io x id e ,  and recommendations fo r  workplace exposure  l i m i t s  a re  g iven  i n  the  r e s p e c t i v e  NIOSH c r i t e r i a  documents [3 2 ,3 3 ] .  Recommendations fo r  e n t e r i n g ,  working i n ,  and e x i t i n g  from, conf ined  spaces a re  g iven in  the  NIOSH c r i t e r i a  document Working in Confined Spaces [34 ] ,  Adherence t o  t he se  recommendations w i l l  p r o t e c t  h e a l t h  and s i g n i f i c a n t l y  reduce  a c c i d e n t a l  i n j u r y  and dea th  a s s o c i a t e d  with  e n t e r i n g ,  working i n ,  and e x i t i n g  from conf ined  spaces .  I t  w i l l  a l s o  make the  worker cogn izan t  of  t he  haza rds  a s s o c i a t e d  w ith  h i s  work a rea  and the  s a f e  work p r a c t i c e s  n ece s sa ry  to  d ea l  with  th e se  h az a rd s .
(b)  I n f e c t  ious Diseases
Although i n f e c t i o u s  d i s e a s e s  have not  been a major hazard  in  re n de r in g  p l a n t s  in  the  Uni ted  S t a t e s ,  a few cases  of  b r u c e l l o s i s ,  p s i t t a c o s i s ,  Q -fever  and a n th ra x  have been r e p o r t e d .  The agen ts  fo r  t h e s e  d i s e a s e s  a re  in t roduced  i n t o  the  r e n d e r in g  environment by i n f e c t e d  animal c a r c a s s e s ,  bu t  t he  rendered  produc t  i s  expec ted  to  be f r e e  o f  the  d i s e a s e  agen ts  because  of  the  h igh  t em pera tu re  involved in  the  p ro ce s s .  I f  i n f e c t i o n  wi th  a zoono t ic  agent  does o ccu r ,  e a r l y  d i a g n o s i s  and t r e a tm e n t  w i l l  tend  to  l i m i t  the  d u r a t i o n  and s e v e r i t y  of  the d i s e a s e .
B r u c e l l o s i s  i s  a zoono t ic  d i s e a s e  t r a n s m i t t e d  by d i r e c t  c o n ta c t  with  d i s e a s e d  animals  ( c a t t l e ,  swine,  sheep ,  g o a t s ,  h o r s e s ,  and r e i n d e e r ) ,  by c o n j u n c t i v a l  exposure ,  a i r b o rn e  d r o p l e t  exposure ,  and i n g e s t i o n  ofcon taminated  m a t e r i a l .  B r u c e l l o s i s  i s  c h a r a c t e r i z e d  by m a la i s e ,  c h i l l s ,  sw ea t ing ,  body aches ,  headache ,  l o s s  of  a p p e t i t e ,  weight  l o s s ,  and a fever  o f  101-104 F (38-40 C). B r u c e l l o s i s  has a f a t a l i t y  r a t e  of  2%, and dea th  i s  r a r e  in  persons wi th  a n t i b i o t i c  t r e a t m e n t .  U n t rea ted  cases  may become ch ron ic  [35-37] .
In the  l a s t  3 y ea r s  f o r  which d a ta  a re  a v a i l a b l e ,  independent  r e n d e r in g  p l a n t  workers c o n s t i t u t e d  1.1% (3 of  271) o f  the  b r u c e l l o s i scases  in  the  Uni ted  S t a t e s  in  1976 [38 ] ,  1.7% (3 of  176) of  the  cases  in 1977 , and 5% (8 of  161) in  1978. Other c ases  may occur among ther e n d e r in g  workers of  meat packing p l a n t s ,  bu t  no d e t a i l s  a re  a v a i l a b l e  (M P o t t e r ,  v e r b a l  communication, February  1979; A K o r n b l a t t ,  v e rb a lcommunication,  February  1981).
P s i t t a c o s i s  i s  an i n f e c t i o u s  d i s e a s e  t r a n s m i t t e d  by d i r e c t  c o n tac tw ith  i n f e c t e d  b i r d s  (eg ,  tu rkeys  and p igeons)  or  the  i n h a l a t i o n  of  dus t  from t h e i r  d ropp ings .  This d i s e a s e  i s  c h a r a c t e r i z e d  by an ab rup t  onse t  of  shak ing ,  c h i l l s ,  f e v e r ,  headache,  backache,  pho tophobia ,  and l o s s  of  a p p e t i t e  [33 -35] .  Compl ica t ions may r e s u l t ,  but  recove ry  i s  the  usua l  outcome. F a t a l i t y  i s  r a r e .
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In  1961 and 1973, Langmuir [39,40]  r e p o r t e d  on 26 cases  of  p s i t t a c o s i s  among 38 workers (68.4%) of an independent  r e n d e r in g  p l a n t  in  P o r t l a n d ,  Oregon, du r ing  the  w in te r  o f  1955-1956.  I n f e c t e d  t u rke y s  had been chopped i n t o  small  p iece s  and blown through a l a r g e  duc t  i n t o  a v a t  fo r  s t e am -p re s su re  cooking .  The d i s e a s e  occurred  i n  workers in  a l l  job c a t e g o r i e s  in  the ren d e r in g  p l a n t  except  the  t r u c k  d r i v e r s .  The au thor[40] sugges ted  t h a t  the  d i s e a s e  was t r a n s m i t t e d  by the  i n f e c t i v e  a e ro s o l  produced by the  chopping and blowing of the  i n f e c t e d  m a t e r i a l .
Q -fever  i s  a zoonot ic  d i s e a s e  t r a n s m i t t e d  by d i r e c t  c o n t a c t  w ith  i n f e c t e d  animals (eg ,  c a t t l e ,  sheep ,  g oa t s )  or  the  i n h a l a t i o n  of  d us t  from t h e i r  d ropp ings .  This d i s e a s e  i s  c h a r a c t e r i z e d  by c h i l l y  s e n s a t i o n s ,  r e t r o b u l b a r  headache,  weakness,  m a l a i s e ,  and severe  sweat ing  [3 5 ,3 6 ] ,  Pneumoni t is  occurs  in  most c a s e s ,  w i th  mild cough and c h e s t  p a i n s .  The f a t a l i t y  r a t e  of  u n t r e a t e d  p a t i e n t s  i s  l e s s  than  1%, and, fo r  p a t i e n t s  t r e a t e d  wi th  a n t i b i o t i c s ,  i t  i s  n e g l i g i b l e .
In 1947, Topping e t  a l  [41] r e p o r te d  an ou tb reak  of  Q -fever  among workers in  a c a t t l e  and hog meatpacking  p l a n t  in  which r e n d e r in g  was a l s o  performed.  Of 97 workers ,  31 (32%) had Q -fever ,  i n c lu d in g  3 of  the  4workers  in the  l a r d  and tankage a r e a s  a s s o c i a t e d  w ith  the  r en d e r in gp ro c e s s .  These workers a l s o  a s s i s t e d  in  the  s l a u g h t e r i n g  p ro ce s s ;  t h e r e f o r e ,  t he  a r e a  of  the  p l a n t  where the  i n f e c t i o n  was acqu i r ed  could not  be e s t a b l i s h e d .  Three of  f i v e  workers in  the  h i d e - c u r i n g  a rea  a l s o  developed the  d i s e a s e .  The remaining cases  occurred  in  the  s l a u g h t e r i n g  and d r e s s i n g ,  boning ,  and sausage  a r e a s .  The au th o r s  concluded t h a t  h an d l in g  the  t i s s u e s  of  f r e s h l y  s l a u g h t e r e d  animals in  a meatpacking  p l a n t  can c a r ry  a h igh  r i s k  of Q -fever  i n f e c t i o n .
Anthrax i s  a zoonot ic  d i s e a s e  t r a n s m i t t e d  by the  i n h a l a t i o n  of spores shed by i n f e c t e d  animals  (eg ,  c a t t l e ,  sheep ,  h o r s e s ,  and p ig s )  o r  by d i r e c t  c o n t a c t  w i th  the  animal .  This d i s e a s e  i s  c h a r a c t e r i z e d  by headache,  nausea ,  vom it ing ,  and fev e r  [3 5 ,3 7 ] .  U n t rea ted  cutaneousa n th ra x  has a f a t a l i t y  r a t e  of  5-20%; wi th  e f f e c t i v e  a n t i b i o t i c  t he rap y ,  however,  t h e r e  a re  e s s e n t i a l l y  no d e a th s .
The f i r s t  case  of  human an th rax  s inc e  1955 was recorded  in  September 1980 in  Colorado.  I t  occurred  in  a 3 0 -ye a r -o ld  man who had worked with  animal c a r c a s s e s .  The man had a s s i s t e d  in  sk inn ing  animal c a r c a s s e s  a t  a l o c a l  r e n de r in g  p l a n t  from August 26-31, dur ing  which t ime he was s c r a t c h e d  on the  arm by an animal hoo f .  A l e s i o n  and sw e l l in g  developed;B a n t h r a c i s  was i s o l a t e d  from a wound c u l t u r e .  S u r v e i l l a n c e  of  o th e rworkers a t  t h i s  p l a n t  has y i e ld e d  no o th e r  cases  in  humans [42].
Other zoonoses,  such as l e p t o s p i r o s i s ,  could presumably occur i nr e n d e r in g  p l a n t  workers ;  however,  no cases  of  t h i s  d i s e a s e  have beenr e p o r t e d  in  the  Uni ted  S t a t e s .  Severa l  measures can reduce  the  r i s k  of  t r a n s m i t t i n g  th e se  i n f e c t i o u s  d i s e a s e s  in  r e n d e r in g  p l a n t s .  These inc lude  f r equen t  washing of the  hands,  the  p r o v i s i o n  of  s e p a r a t e  e a t i n g  a r e a s ,  and p r o v i s i o n  of v e n t i l a t i o n  c o n t r o l  to  i s o l a t e  a i r f l o w s  from raw m a t e r i a l  or  p ro ce s s in g  a rea s  i n t o  f i n a l  product  a r e a s .  Wounds should be tho rough ly
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c leaned  and r e c e iv e  prompt f i r s t  a id .  Since minor c u t s  a re  r e l a t i v e l y  common in  the  ren de r in g  i n d u s t r y ,  t e t a n u s  immunizations should always be c u r r e n t .
Work a re a s  i n  r e n d e r in g  p l a n t s  should have c o n v en ien t ly  lo c a te d  handwashing f a c i l i t i e s  w ith  bowls l a r g e  enough to  minimize s p l a s h in g .  These a r e a s  should be su pp l ied  w i th  ho t  and cold  running  w ate r  and should be d i r e c t l y  connected to the  d ra inage  system. Smoking and e a t i n g  in  work a r e a s  of  e d i b l e - r e n d e r in g  p l a n t s  i s  p r o h i b i t e d  by the  US Department of  A g r i c u l t u r e .
(c )  Chemical  I r r i t a n t s  A f fe c t in g  the  Skin ,  Eyes,  and Mucous Membranes
Chemicals  a r e  used in  r en d e r in g  p l a n t s  mostly  fo r  c l e a n in g ,  to  p rocess  animal m a t e r i a l ,  t r e a t  was te  w a te r ,  and c o n t r o l  odo rs ,  and in  coo l ing  towers and b o i l e r s  (Table 1 -1 ) .  However, workers a re  u s u a l l y  only exposed t o  the  chemica ls  used f o r  c l e a n in g ,  d e o d o r iz in g ,  and w ate r  t r e a tm e n t .  G e n e ra l l y ,  t h e s e  chemicals  a re  a l k a l i e s  or  o x id iz in g  agents  and may cause  chemica l  burns or  i r r i t a t i o n .  I n h a l a t i o n  of  t he se  agen ts  may r e s u l t  in  lung i r r i t a t i o n  and i n j u r y .  Skin c o n t a c t  may r e s u l t  in  d e r m a t i t i s .
I n j u r i e s  from mixing ,  s t o r i n g ,  and app ly ing  th e s e  chemicals  can be p reven ted  i f  workers a re  t r a i n e d  to  use p e r sona l  p r o t e c t i v e  equipment and th e  p ro pe r  methods of  hand l ing  chemica ls .  F u l l - f a c e  s h i e l d s  over chemical  s p l a s h - t y p e  gogg le s ,  rubber  g lo v es ,  rubber  b o o t s ,  rubber  ap rons ,  o r  rubber  s u i t s  a r e  examples of  equipment t h a t  may be r e q u i r e d .  Where workers do t h e i r  jobs  i n  the  p re sence  of  vapors or  d u s t ,  t h e r e  must be adequate  v e n t i l a t i o n .  This may inc lud e  a combination of  g en e ra l  a i r  v e n t i l a t i o n  and l o c a l  exhaus t  v e n t i l a t i o n .  R e s p i r a t o r s  must be a v a i l a b l e  fo r  emergency p r o t e c t i o n  where t o x ic  vapors may be gene ra ted  from some of the  chemica ls  used in  ren d e r in g  p l a n t s  (eg ,  c h l o r i n e ) .  I f  a job  r e q u i r e s  a r e s p i r a t o r ,  t h e  employer must ensure  t h a t  the  worker i s  thorough ly  t r a i n e d  in  i t s  u s e .  Workers should be capab le  of  and r e s p o n s i b l e  fo r  t e s t i n g  fo r  l e a k a g e ,  p rope r  f i t ,  and p roper  o p e ra t io n  of  r e s p i r a t o r s .
I f  c h l o r i n e  o r  o th e r  t o x ic  chemicals  a re  used in  a r e n d e r in g  f a c i l i t y ,s p e c i a l  eng in e e r in g  c o n t r o l s  and work p r a c t i c e s  may be n e c e s s a r y .  D e t a i l s  concern ing  s a f e  work p r a c t i c e s  and e n g inee r ing  c o n t r o l s  a re  p re sen ted  in  the  c h l o r i n e  c r i t e r i a  document [43].
The employer should ensure  t h a t  a l l  compounds a r e  used only in  p roper  c o n c e n t r a t i o n s  and in  ways s u i t a b l e  f o r  t h e i r  in tended  purposes .P rocedures  must be e s t a b l i s h e d  fo r  mixing chemicals  as recommended by the  m anufac tu re r  or  as deve loped by q u a l i f i e d  p l a n t  p e r s o n n e l .  In a d d i t i o n ,  employers should be f a m i l i a r  w i th  a l l  chemica ls  u sed ,  i n c lu d in g  t h e i r  p h y s i c a l  p r o p e r t i e s  and any a s s o c i a t e d  h a z a rd s .  They must ensure  t h a tchemica ls  a r e  kep t  in  d e s ig n a te d  s t o r a g e  a r e a s  and t h a t  t h e i r  use i s  accompanied by p roper  reco rdk eep ing .  C on ta ine rs  of  chemicals  should be t i g h t l y  sea led  and s t o r e d  in  a dry p l a c e .  All  chemical  c o n t a i n e r s  must be l a b e l e d .
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As i n d i c a t e d  in  Table 1 -1 ,  hyd raz ine  may be used as an oxygen scavenger in  b o i l e r  systems.  Hydrazine deserves  s p e c i a l  a t t e n t i o n  because  i t  may be absorbed through  the  sk in ,  i s  t o x i c ,  and i s  judged by NIOSH to  be a p o t e n t i a l  human ca rc in og en .  A recommended s t a n d a rd ,  i nc lud ing  work p r a c t i c e s ,  i s  p re s e n te d  in  the  hydraz ine  c r i t e r i a  document [44] .  Because o th e r  oxygen-scavenging  chemicals  may be used to  remove oxygen,  the  use o f  h y d raz in e  i s  unnecessary  in  r e n d e r in g  b o i l e r  systems (W Prokop,  w r i t t e n  communication, March 1979).
(d)  A l le rgens
Rendering  p l a n t  workers  a r e  exposed to  a v a r i e t y  of  animal danders ,  i n c lu d in g  those  of  the  h a i r ,  sk in ,  f e a t h e r s ,  and o th e r  animal m a t e r i a l s .  Exposure t o  a i r b o r n e  an im al -dander  p a r t i c l e s  may r e s u l t  i n  asthma, inf lammat ion of  the  n a s a l  mucosa, and c o n j u n c t i v i t i s .  A s c r a t c h  by a p a r t  o f  a c a r c a s s  can cause  a p r u r i t i c  wheal  and f l a r e  re sponse  ( u r t i c a r i a )  a t  the  s i t e  o f  c o n t a c t .  No d a t a  a re  a v a i l a b l e  to  a s s e s s  the  e f f e c t s  o f  worker exposure to  a l l e r g e n s  in  ren d e r in g  o p e r a t i o n s .
36
III. HEALTH AND SAFETY GUIDELINES
NIOSH has formulated these guidelines as a result of this study. These 
recommendations apply to workers who render animal materials, which includes 
the use of heat or mechanical means to reduce fat-containing tissues, bones, 
and whole carcasses, the reclaiming of grease, and the production of blood 
and feather meal. These recommendations also apply where dead stock is 
skinned, gutted, and boned and hides are trimmed and processed. They are not 
intended for workers who reduce marine raw materials because of differences 
in the process, raw material, and finished product.
Engineer ing  Con t ro ls
E nginee r ing  c o n t r o l s  a re  the  p r e f e r r e d  approach to  minimize the hazards  from l i f t i n g ,  push ing ,  and p u l l i n g  l a rge  and heavy c o n t a in e r s  and c a r c a s s e s ,  e x c e s s iv e  n o i s e ,  wet and s l i p p e r y  s u r f a c e s ,  g r e a s e  and f a t  b u i ld u p ,  unguarded p rocess  equipment,  dus t  exposure ,  and p o t e n t i a l  t o x ic  gas b u i ldup  i n  conf ined  sp a ce s .  NIOSH recommends e n g in e e r in g  c o n t r o l s  to  minimize the  fo l lowing  haza rds  in  ren d e r in g  p l a n t s .
( a )  L i f t i n g
A program should be i n s t i t u t e d  to  i d e n t i f y  hazardous  l i f t i n g  jobs .
(1) All  manual l i f t i n g  jobs should be c l a s s i f i e d  accord ing  to  t h e  c r i t e r i a  s e t  f o r t h  in  NIOSH's Work P r a c t i c e  Guide fo r  Manual L i f t i n g .
(2)  Manual l i f t i n g  t a sks  c l a s s i f i e d  between the  a c t i o n  l e v e l  (AL) and the  maximum p e r m i s s ib l e  l e v e l  (MPL) r e q u i r e  e i t h e r  a d m in i s t r a t i v e  or  eng in e e r in g  c o n t r o l s ;  l i f t i n g  t a s k s  above the  MPL r e q u i r e  eng inee r ing  c o n t r o l s  such as c ranes  and h o i s t s  [19].
(b) Pushing and P u l l i n g
A program should be i n s t i t u t e d  to  i d e n t i f y  hazardous pushing and p u l l i n g  job s .
(1)  Engineer ing  c o n t r o l s  such as h o i s t s ,  conveyors ,  hand t r u c k s ,  and automat ic  b a r r e l  d e c a n te r s  should be cons ide red  when f r equen t  pushing o r  p u l l i n g  i s  a p a r t  of  any job .
(2)  I f  mechanical  conveying dev ices  a re  not  a v a i l a b l e  to  minimize hazardous pushing and p u l l i n g ,  the  layou t  of  work s t a t i o n s  in  the  p l a n t  should be planned t o  minimize the  d i s t a n c e  o b j e c t s  have to  be t r a n s p o r t e d .  For example,  drums should be unloaded as c lo se  as p o s s ib l e  t o  p ro ce s s in g  o p e r a t i o n s .
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(c) Noise
The employer should be aware of  the  F ede ra l  r e g u l a t i o n  (29 CFR 1910.95) t h a t  p r o t e c t s  workers a g a in s t  the  e f f e c t s  of  n o i se  exposure.
(1)  To reduce  n o i s e  exposure ,  t e c h n iq u e s  such as p re v e n t iv e  m ain tenance ,  u s ing  p ro pe r  o p e r a t in g  speed ,  choos ing  a p p r o p r i a t e  equipment l o c a t i o n s ,  and simple machine t r e a tm e n t s  (eg ,  v i b r a t i o n  i s o l a t i o n  or  c o n t r o l )  should be cons ide red  f i r s t .
(2) Other forms of n o i s e  c o n t r o l ,  such as s h i e l d s  and b a r r i e r s ,  should be cons ide red  when the se  o th e r  measures a r e  i nad eq u a te .
(3) NIOSH's I n d u s t r i a l  Noise Con t ro l  Manual , t he  United Auto Workers'  Noise Cont ro l  (Workers '  Manual) ,  OSHA's Noise Con t ro l  Manual , and o t h e r  s i m i l a r  p u b l i c a t i o n s  should be co n su l t e d  [ 2 1 ,4 5 ,4 6 ] .
(d) Heat and Air  Contaminants
A program should be i n s t i t u t e d  to  p e r i o d i c a l l y  i d e n t i f y  any h e a t ,  hum id i ty ,  o r  a i r  con taminant  problems in  the  p l a n t .
(1)  V e n t i l a t i o n  systems a r e  recommended fo r  c o n t r o l l i n g  the sep roblems .
(2) V e n t i l a t i o n  c o n t r o l  of  f a t  and g reas e  emiss ions i srecommended when the  b u i ldup  of the se  m a t e r i a l s  makes walking and working s u r f a c e s  hazardous .
(3)  V e n t i l a t i o n  c o n t r o l  of  f a t  and g reas e  emiss ions i srecommended when the  bu i ldup  of t h e s e  m a t e r i a l s  i n  the  p l a n t  c r e a t e s  a f i r e  h aza rd .
(4) Local  exhaus t  v e n t i l a t i o n  i s  recommended when gen e ra l  v e n t i l a t i o n  does not  adequa te ly  c o n t r o l  t h e s e  h az a rd s .
(5) V e n t i l a t i o n  a n d /o r  a i r - c o n d i t i o n e d  e n c lo s u r e s  should bep rovided  in  a rea s  cons ide red  to  be hot  envi ronments.
(6) V e n t i l a t i o n  systems should be des igned  t o  p reven t  a i r  movement from raw m a t e r i a l  or  p ro ce s s in g  a rea s  to  f i n a l  p roduct  a r e a s .
(7) V e n t i l a t i o n  systems should be s u b j e c t e d  to  r e g u l a r  c l e a n in g  and p re v e n t i v e  maintenance to  ensure  t h e i r  con t inued  e f f e c t i v e n e s s .
(8) V e n t i l a t i o n  systems d i s c h a r g in g  i n t o  the  o u t s i d e  a i r  shouldconform to  a p p l i c a b l e  l o c a l ,  s t a t e ,  and F ede ra l  a i r  p o l l u t i o nr e g u l a t i o n s .
( e )  Machines and Conveyors
Guarding o f  machinery and power t r a n s m i s s i o n  equipment i n  a r en d e r in g  p l a n t  should p rov ide  the maximum degree  of  p r o t e c t i o n  to  the  workers .
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(1 )  Machines and power t r a n s m i s s io n  equipment can be guarded w ith  b a r r i e r s ,  o r  be i s o l a t e d .
(2)  Screw conveyors should be f u l l y  covered or  guarded so t h a t  n e i t h e r  workers nor  t h e i r  c l o t h i n g  can c o n t a c t  moving p a r t s .
(3)  Federa l  r e g u l a t i o n s  (29 CFR 1910.219) e x i s t  which r e q u i r e  mechan ica l  pow er- t ransm iss ion  equipment ( s h a f t s ,  g e a r s ,  p u l l e y s ,  e t c )  w i t h i n  7 f e e t  (2 .1  m) or  l e s s  of  the  f l o o r  or  o f  work p la t fo rm s  be covered or  guarded.
( f )  Working i n  Confined Spaces
V e n t i l a t i o n ,  as d e s c r ib e d  i n  the  NIOSH c r i t e r i a  document Working in  Confined Spaces [34 ] ,  i s  recommended fo r  a l l  con f ined  space work. I n s t a l l a t i o n  of  a v e n t i l a t i o n  system (eg ,  f a n s )  f o r  a conf ined  space ,  where o u t s i d e  a i r  i s  i n t roduced  and s t a g n a n t  a i r  i s  exhaus ted ,  w i l l  he lp  p reven t  accumula t ion  of  any t o x i c  gases .
(g)  Walking-Working Surfaces
Walking-working  s u r f a c e s  should r e c e iv e  a t t e n t i o n  t o  minimize the number of  a c c i d e n t s  invo lv ing  them.
(1) Walking-working s u r f a c e s  should be s l i p - r e s i s t a n t .
(2)  Worn walking-working s u r f a c e s  t h a t  have l o s t  t h e i r  s l i p - r e s i s t a n t  c h a r a c t e r i s t i c s  should be r e p la c e d  or  r e f i n i s h e d .
Work P r a c t i c e s
( a )  Walking-Working Surfaces
I n j u r i e s  caused by u nsa fe  working s u r f a c e s  can be reduced by minimiz ing the  accumula t ion  of  g rease  or f a t  on f l o o r s ,  and by fo l lowing  t h e  g u i d e l i n e s  below:
(1) Working s u r f a c e s ,  such as f l o o r s ,  p l a t f o r m s ,  and s t a i r s ,  s h a l l  be kept  c l e a n  and o r d e r l y .  F ede ra l  r e g u l a t i o n  29 CFR 1910.22 r e q u i r e s  a is lew ays  and passageways be kept  c l e a r ,  d ry ,  and in  good r e p a i r .
(2) All  e l e v a te d  p l a t f o r m s ,  p i t s ,  and s t a i r w a y s  should be guarded.  P i t s  r e c e iv in g  raw m a t e r i a l  should be guarded on a l l  s i d e s .  I f  n e c e s s a r y ,  guards may be removable on not  more than  two s i d e s .  The employer should be aware of  the  F ede ra l  r e g u l a t i o n s  (29 CFR1910.23-1910.24)  t h a t  e x i s t  f o r  t he  guard ing  of  f l o o r  and w al l  openings ,  h o l e s ,  and s t a i r s .
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(b) Hand-Held Equipment
The use  of  hand-he ld  equipment can be hazardous i n  ren d e r in g  t a s k s  [13 ] .  Compliance wi th  the  fo l low ing  recommendations w i l l  reduce thenumber of  i n j u r i e s  a s s o c i a t e d  w i th  hand-held  equipment.
(1) P e rsona l  p r o t e c t i v e  equipment such as mesh g lo v es ,  abdominal p r o t e c t o r s ,  and arm guards should be worn by workers  fo r  h id e  removal  and any c a r c a s s  c u t t i n g  o p e r a t i o n s .
(2) The employer should be aware of  t he  F ede ra l  r e g u l a t i o n s  (29 CFR 1910.241-1910.247) t h a t  p r o t e c t  the  worker a g a i n s t  the  haza rds  of  hand and p o r t a b l e  powered t o o l s .  Subsec t ions  of  29 CFR 1910.243 e n t i t l e d  " ( a )  P o r t a b l e  powered t o o l s "  and " (b )  Pneumatic powered t o o l s  and hoses"  a res p e c i f i c a l l y  r e l e v a n t  to  r e n d e r in g  p ro c e s s e s .
(3)  Employers should ensure  t h a t  kn ives  wi th  hand guards a r e  used in  a l l  c a r c a s s  c u t t i n g  and h ide  removal  p rocedures .
(4) Employers should ensure  t h a t  workers  u s ing  kn ives  a r ep rov ided  with  scabbards and a r e  i n s t r u c t e d  i n  t h e i r  p roper  u se .
(5) Employers should ensure  t h a t  e l e c t r i c  hand t o o l s  a r ep r o p e r l y  grounded when i n  use .
(6)  Employers should ensure  t h a t  a l l  hand-he ld  e l e c t r i c a l  t o o l s  w ith  p r e s s u r e  sw i tches  (deadman c o n t r o l s )  a re  cons ide red  f o r  use .
(c )  Emergency Procedures
When emergency p rocedures  a re  e s t a b l i s h e d  and p r a c t i c e d ,  prompt and e f f e c t i v e  a c t i o n  i s  f a c i l i t a t e d ,  and the  adverse  e f f e c t s  of  an emergency can be minimized.  Emergency p rocedures  in  r e n d e r in g  p l a n t s  should inc lude  p lans  such as those  d e s c r ib e d  below.
(1) F i r e s ,  Chemical Leaks, E l e c t r i c a l  M a l func t ions ,  and Evacuat ion
(A) P ersona l  p r o t e c t i v e  equipment and p r o t e c t i v e  c lo t h i n g  should be used by per so nne l  du r ing  emergency o p e r a t i o n s .  R e s p i r a to r s  should be p laced  a t  r e a d i l y  a c c e s s i b l e  and c l e a r l y  l a b e l e d  l o c a t i o n s .
(B) Workers not  engaged i n  c o r r e c t i n g  the  emergency should be  evacuated  from hazardous  a r e a s .  The p e r im e t e r s  of  t h e s e  a r e a s  should be pos ted  and secured .
(C) Only those  pe r sonne l  t r a i n e d  a g a i n s t  the  a t t e n d a n t  haza rds  should c o n t r o l  and r e p a i r  l eaks  and f i g h t  f i r e s .
(D) F i r e f i g h t i n g  p rocedures  should be e s t a b l i s h e d  fo r  a reas  where flammable m a t e r i a l s  a re  used .  Requirements fo r  f i r e  p r o t e c t i o n  a re  s t a t e d  i n  19 CFR 1910 Subpart  L (156-165) .
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(2) Administration of First Aid
(A) At l e a s t  one person  per  s h i f t  i n  each ren de r in g  f a c i l i t y  should be t r a i n e d  and c e r t i f i e d  in  f i r s t - a i d  p ro ced u res .  As a minimum, t r a i n i n g  should inc lude  p rope r  t r e a tm e n t  f o r  s l i p s  and f a l l s  and emergency c a re  of  eye i n j u r i e s ,  bu rns ,  and wounds.
(B) Al l  workers hav ing  wounds should be t r e a t e d  immediately  t o  p reven t  blood p o i so n in g ,  and should wear impervious g loves  or  o the rw ise  d r e s s  t he  wound t o  p reven t  i n f e c t i o n  (u n le s s  counse led  o th e rw ise  by the  r e s p o n s i b l e  p h y s i c i a n ) .
(c )  S u i t a b l e  Eyewash Founta ins
Fede ra l  r e g u l a t i o n  29 CFR 1910.151,  Paragraph  (C) ,  r e q u i r e s  s u i t a b l e  f a c i l i t i e s  f o r  quick d rench ing  o r  f l u s h i n g  of  t he  eyes where sk in  or  eye c o n t a c t  with  c a u s t i c  or  c o r r o s iv e  chemicals  may o ccu r .
(3) A s s i s t a n c e  fo r  I n ju r e d  Workers
Immediate e v a c u a t io n ,  t r a n s p o r t a t i o n ,  and medical  a s s i s t a n c e  should  be a v a i l a b l e  fo r  i n j u r e d  workers .  This should i n c lu d e  a l e r t i n g  the  medical  f a c i l i t y  of  the  impending a r r i v a l  o f  i n ju r e d  workers .
(4) Medical F a c i l i t i e s  f o r  Emergencies
All  workers should be t o ld  which medica l  f a c i l i t i e s  a re  d e s ig n a t e d  f o r  use by p l a n t  pe r sonne l  fo r  j o b - r e l a t e d  i n j u r y  or  i l l n e s s .
(5 )  Entry  i n t o  Areas fo r  Cleanup,  Decontamina t ion ,  or  Maintenance Following Re lease  of  Toxic M a te r i a l s
(d) Laundering
Frequent  lau n de r in g  of  s o i l e d  work c l o t h i n g  i s  a g e n e r a l l y  accep ted  p r a c t i c e  demonst ra ted  to  be e f f e c t i v e  i n  i n d u s t r i e s  t h a t  a re  a s s o c i a t e d  w i th  the  use  of  chemicals  o r  o th e r  agen ts  t h a t  may i r r i t a t e  sk in  or  be t o x i c  through dermal a b s o r p t i o n .  The harmful  e f f e c t s  o f  t h e s e  agen ts  can be exace rba ted  by prolonged c o n t a c t .  S o i led  work c l o t h i n g  should be laundered  f r e q u e n t l y ,  and the  employer should ensure  t h a t  c l e a n  work c l o t h i n g  i s  worn d a i l y .
(e )  M a te r i a l s  Handling and S to rage
Acc iden ts  i nv o lv ing  powered i n d u s t r i a l  t r u c k s  have been recorded  [13] ,  and many of them could have been p reven ted  by the  fo l lo w in g .
(1)  The employer should be aware o f  the  p r o v i s i o n s  of  29 CFR 1910.176-1910.190,  which p r o t e c t s  the  worker a g a i n s t  the  hazards  a s s o c i a t e d  w i th  m a t e r i a l s  h an d l in g  and s t o r a g e .  S ec t io n s  176, 178, and184, which add ress  m a t e r i a l s  h a n d l i n g ,  powered i n d u s t r i a l  t r u c k s ,  and s l i n g s ,  a r e  e s p e c i a l l y  r e l e v a n t  to  r e n d e r in g  p l a n t s .
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(2)  Employers should p r o h i b i t  o p e r a t o r s  o f  f r o n t - e n d  lo a d e r s  or  f o r k l i f t  t ru ck s  from r a i s i n g  or  lowering the  lo a d e r  or  fo rks  whi le  the  v e h i c l e  i s  in  motion in  the  p l a n t .
(3)  Workers should o pe ra t e  f o r k l i f t s  w ith  t h e i r  load  r a i s e d  only enough to  c l e a r  the  d r i v i n g  s u r f a c e .
( f )  Maintenance
Many problems o c c u r r in g  i n  r en d e r in g  p l a n t s  could  be p revented  by adher ing  to  the  fo l lowing  recommendations.
(1) A r e g u l a r  p re v e n t iv e  maintenance  program should be e s t a b l i s h e d  to  avoid f i r e s  and exc e s s iv e  n o i s e  g e n e ra t i o n  t h a t  r e s u l t s  from inadequa te  l u b r i c a t i o n ,  m isa l igned  b e a r i n g s ,  and improperly  a d ju s t e d  b e l t - d r i v e n  machinery.
(2)  All  equipment,  i n c lu d in g  v a l v e s ,  f i t t i n g s ,  and c o n n e c t io n s ,  should be checked r e g u l a r l y  fo r  t i g h t n e s s  and kep t  in  good working c o n d i t i o n .  I n s p e c t i o n s  should be made immediately a f t e r  new connec t ions  a re  made and a f t e r  m a t e r i a l  i s  i n t ro d uced .
(3) Leaking steam l i n e s  should be r e p a i r e d  prompt ly .
(4)  Whenever maintenance work i s  t o  be performed,  s t a n d a r d iz e d  s a f e t y  p rocedures  should be fo l lowed.  These procedures  should i n c lu d e  adherence  t o  NIOSH's recommendations fo r  hazard  c o n t ro l  dur ing  maintenance[20 ] ,  the  use of  p r o t e c t i v e  equipment,  and the  p roper  s e l e c t i o n  and use  of  hand t o o l s .
(5) Maintenance work in  a conf ined  space  should adhere  t o  the  recommendations of  the  NIOSH c r i t e r i a  document, Working in  Confined Spaces [34].
(g)  Entry  i n t o  Confined Spaces
When c l e a n in g ,  m ain tenance ,  and r e p a i r  of  r e n d e r in g  equipment r e q u i r e  e n t ry  i n t o  a conf ined  space ,  the  recommendations in  the  NIOSH c r i t e r i a  document should be adhered t o .  These recommendations inc lude  thefo l low ing  [34] ,
(1)  The employer s h a l l  d e s ig n a t e  in  w r i t i n g  a person  q u a l i f i e d  by edu c a t ion  or  s p e c i a l i z e d  t r a i n i n g  to  a n t i c i p a t e ,  r e c o g n iz e ,  ande v a l u a t e  worker exposure to  hazardous  su bs tances  or o th e r  unsa fec o n d i t i o n s  in  a conf ined  space .  This person  s h a l l  be a u th o r iz e d  t os p e c i fy  n ec e s s a ry  c o n t r o l s  and p r o t e c t i v e  a c t i o n s  to  ensure  worker s a f e t y .
(2) Entry  i n t o  a confined  space s h a l l  be by permit  on ly .  The permi t  s h a l l  be an a u t h o r i z a t i o n  and approval  in  w r i t i n g  t h a t  s p e c i f i e s  t he  l o c a t i o n  and type  of  work to be perfo rmed.  I t  should a l s o  c e r t i f y
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t h a t  a l l  e x i s t i n g  hazards  have been eva lua ted  by the  q u a l i f i e d  person  and t h a t  n e c e s s a r y  p r o t e c t i v e  measures have been taken  t o  ensure  the  s a f e t y  o f  each worker.
(3)  The d e s ig n a t i o n  of  a confined  space s h a l l  be based on the  e x i s t i n g  o r  p o t e n t i a l  haza rds  a s s o c i a t e d  with  i t .
(4)  Entry  i n t o  a conf ined  space s h a l l  be p r o h i b i t e d  u n t i l  the  a tmosphere has been i n i t i a l l y  t e s t e d  from the o u t s i d e  and found to  be s a f e .  The t e s t s  t o  be performed should inc lude  those  fo r  oxygen d e f i c i e n c y ,  f l a m m a b i l i t y , and,  i f  a p p r o p r i a t e ,  t o x ic  m a t e r i a l s .
(5) The e n t r y  perm i t  s h a l l  inc lude  a l i s t  o f  p r o t e c t i v e  equipment n eces sa ry  fo r  work in  the  confined  space ,  as de te rmined  by the  q u a l i f i e d  p er son .
(6)  All  workers  a s s o c i a t e d  with  conf ined  space e n t r y  s h a l l  be t r a i n e d  in  the  use  of the a p p r o p r i a t e  pe r sona l  p r o t e c t i v e  equipment.
(7) The need fo r  r e s p i r a t o r y  p r o t e c t i o n  s h a l l  be determined bythe  q u a l i f i e d  person  based on c o n d i t i o n s  and t e s t  r e s u l t s  of  the  confinedspace  and on the  work t o  be performed.
(h)  Waste D isposa l
L oca l ,  s t a t e ,  and F ede ra l  r e g u l a t i o n s  recogn ize  the  need fo r  p roper  waste  d i s p o s a l  in  m a in ta in in g  community h e a l t h .  Waste m a t e r i a l  should be d i sp o sed  of in  a manner no t  hazardous  t o  p l a n t  p e r s o n n e l ,  and the se  d i s p o s a l  methods should conform to  a p p l i c a b l e  l o c a l ,  s t a t e ,  and Federa l  r e g u l a t i o n s .
( i )  S a n i t a t i o n  and P e r so n a l  Hygiene
Some b i o l o g i c a l  agen ts  and chemical  subs tances  found in  ren d e r in g  p l a n t s  can harm exposed workers .  Adherence to  the  fo l lowing  g u id e l i n e s  w i l l  minimize th e se  exposures .
(1)  F ede ra l  r e g u l a t i o n  29 CFR 1910.141 r e q u i r e s  p l a n t  s a n i t a t i o n .  S ubsec t ions  e n t i t l e d  (a) Genera l ,  (c)  T o i l e t  f a c i l i t i e s ,  (d) Washing f a c i l i t i e s ,  ( e )  Change rooms, and (g)  Consumption of  food and beverages  on the  premises a re  e s p e c i a l l y  r e l e v a n t  to  r e n de r in g  p ro c e s s e s .
(2)  Workers should be i n s t r u c t e d  by t h e i r  employer t o  wash t h e i r  hands w ith  soap and water  as f r e q u e n t l y  as p r a c t i c a b l e .  As a minimum, workers  should be encouraged to  wash t h e i r  hands du r ing  a l l  w orkbreaks , b e f o r e  e a t i n g ,  and b e fo r e  and a f t e r  u s ing  t o i l e t  f a c i l i t i e s .
(3)  P r e p a r in g ,  s t o r i n g ,  d i s p e n s in g  ( i n c l u d i n g  vending m achines ) ,  and consuming food or beverages  should be p r o h i b i t e d  i n  work a r e a s .
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Medical
Preplacement medical  examinat ions  should be made a v a i l a b l e  to  a l l  workers engaged in  re n d e r in g  p ro ce s se s  so as to  i d e n t i f y  e x i s t i n g  c o n d i t i o n s  t h a t  might  p re d i s p o s e  a worker to  i n j u r y  or  i l l n e s s .  Subsequent  p e r io d ic  medical  examinat ions  p rovide  fo r  t he  reassessm en t  of  h e a l t h  and p h y s i c a l  f i t n e s s  in  r e l a t i o n  to  p o s s i b l e  job s t r e s s  or  h a z a rd s .  Tetanus v a c c i n a t i o n  and b o o s t e r s ,  u n l e s s  c u r r e n t ,  a re  recommended because  of  t he  r i s k  of  c u t s  and punc tu re  wounds. The medica l  s u r v e i l l a n c e  program should inc lud e  the  fo l low ing .
(a )  Preplacement Examinations
These examinat ions should inc lude  a t  l e a s t :
(1 )  A r e q u e s t  t h a t  t he  employer p rov ide  p e r t i n e n t  i n fo rm a t io n  to  the  r e s p o n s i b l e  p h y s i c i a n ,  such as an e s t im a t e  of  the  w o rk e r ' s  p o t e n t i a l  exposure  ( i n c l u d i n g  any a v a i l a b l e  workplace sampling r e s u l t s ) ,  and a d e s c r i p t i o n  of  any p r o t e c t i v e  dev ices  or  equipment the  worker may be r e q u i r e d  to  u se .
(2)  Comprehensive medical  and work h i s t o r i e s  with  s p e c i a l  emphasis on a l l e r g i e s  and the  m u s c u lo s k e l e t a l  system.
(3) P hy s i ca l  and job  f i t n e s s  examinat ions  g iv ing  p a r t i c u l a r  a t t e n t i o n  t o  the  s k in ,  eyes ,  back,  and r e s p i r a t o r y  system.
(4) A t e t a n u s  v a c c i n a t i o n  t h a t  su bsequen t ly  should be made a v a i l a b l e  on an a p p r o p r i a t e  r o u t i n e  schedu le .
(5) A judgment o f  t he  w o rk e r ' s  a b i l i t y  t o  use n e g a t i v e -  and p o s i t i v e - p r e s s u r e  r e s p i r a t o r s .
(6) B ase l ine  audiograms when exposures t o  n o i s e  a re  judged to  p o s s ib l y  exceed F edera l  l i m i t s .
(7) A w r i t t e n  s t a te m e n t  s p e c i f y in g  any l i m i t a t i o n s  t h a t  should be p laced  on the w o rk e r ' s  job fu n c t io n  (p repared  fo l low ing  complet ion  of  t he  examinat ion  by the  examiner ) .
(b) P e r io d ic  Examinations
These examinat ions should be made a v a i l a b l e  a t  l e a s t  every  3 y e a r s ,  and inc lude  a t  l e a s t :
(1)  Reassessment of  h e a l t h  and job f i t n e s s .
(2) P hy s i ca l  examinat ion  and procedures o u t l i n e d  in  parag raphs( a ) ( 2 ) ,  ( a ) ( 3 ) ,  ( a ) ( 4 ) ,  and ( a ) ( 7 )  above.
(3) L i s t i n g  of  any l i m i t a t i o n s  t h a t  should be p laced  on the  w o rk e r ' s  job fu n c t i o n .
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(c) Audiometrie T e s t in g
An aud iom et r ic  t e s t i n g  program should be made a v a i l a b l e  fo r  workers who may be exposed to  n o i s e  t h a t  exceeds 85 dBA fo r  an 8-hour workday.
(d)  Maintenance of  Medical Records
P e r t i n e n t  medical  r e c o rds  should be main ta ined  fo r  a l l  workers exposed t o  haza rd s  in  r e n d e r in g  p l a n t s .  Records of  env i ronm enta l  exposures to  p h y s i c a l  or  chemical  agen ts  o f  a worker should be inc luded  in  h i s  o r  h e r  medica l  r e c o r d s .  Such reco rds  should be kept  fo r  a t  l e a s t  5 y ea rs  a f t e r  t e r m in a t io n  of  employment.
P e r son a l  P r o t e c t i v e  Equipment and Work C lo th ing
Although eng ine e r ing  c o n t r o l s  a re  the  most e f f e c t i v e  means of minimiz ing hazards  (such as n o i s e ,  h e a t ,  s l i p p e r y  working s u r f a c e s ,  andcon f ined  s p a c e s ) ,  p e r so n a l  p r o t e c t i v e  equipment and work c lo t h i n g  a ren ec e s sa ry  to  back up those  eng in e e r in g  c o n t r o l s .  The fo l lowing  g u i d e l i n e s  a r e  recommended.
(a )  S a f e ty  shoes or  boo ts  w i th  toe  guards and s l i p - r e s i s t a n t  s o le s  should be worn a t  a l l  t im es .
(b)  P e rsona l  p r o t e c t i v e  equipment ,  such as e a r  p r o t e c t o r s ,  should beprovided  and used i f  n o i s e  c o n t r o l s  f a i l  to  reduce sound l e v e l s  to  orbelow l i m i t s  recommended by NIOSH. Ear p lugs should be i n d i v i d u a l l y  f i t t e d  to  p rov ide  p roper  p r o t e c t i o n .
(c )  The employer should ensure  t h a t  a p p r o p r i a t e  c l o t h i n g  i s  worn by a l l  workers .
(d) In d es ig n a te d  a r e a s ,  s a f e t y  helmets  meeting  s p e c i f i c a t i o n s  in  ANSI Z89 .1-1969 should be worn.
(e )  Mesh g loves ,  abdominal p r o t e c t o r s ,  arm guards ,  and o th e r  p r o t e c t i v e  equipment should be worn to  remove h ides  and cu t  c a r c a s s e s .
( f )  Workers u s in g  chemical  compounds in  r e n d e r in g  o p e ra t io n s  should use g loves r e s i s t a n t  to  t h a t  p a r t i c u l a r  compound.
(g)  When r e s p i r a t o r s  a r e  needed,  the  employer should be aware of  the  Fede ra l  r e g u l a t i o n  (29 CFR 1910.134) and the  American N a t iona l  Standard  I n s t i t u t e  recommendation (ANSI Z88.2-1969) t h a t  p r o t e c t  the  worker a g a i n s t  the  e f f e c t s  o f  a tmospheric  con tam in a t io n .
P o s t in g
Workers should be a p p r i s e d  of  haza rd s  in  r e n d e r in g  f a c i l i t i e s  and of methods to  p r o t e c t  themselves .  Although a l l  who work in  re n de r in g
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f a c i l i t i e s  should r e c e iv e  such t r a i n i n g  p r i o r  to  p lacement ,  s igns  s e rv e  as impor tan t  rem inders .  Signs a re  a l s o  an i n i t i a l  warning to  workers not  f a m i l i a r  w i th  the  f a c i l i t y ,  such as c o n t r a c t o r s ,  d e l i v e r y  p eo p le ,  and o t h e r s .
(a )  Signs should be p r i n t e d  in  Engl i sh  and i n  the  predominant  language of  n o n -E n g l i sh - re a d in g  workers .  Workers unable  to  read th e s e  s ig n s  should in  some manner r e c e iv e  a l l  n ecessa ry  in fo rm a t io n  r e g a r d in g  hazardous a r e a s  and should be informed of the  i n s t r u c t i o n s  p r i n t e d  on th e s e  s i g n s .
(b )  Signs  should be kept  c l e a n  and r e a d i l y  v i s i b l e  a t  a l l  t im es .  In r e n d e r in g  work a r e a s ,  s igns  should be pos ted  where a p p l i c a b l e .  The in f o r m a t io n  may be ar ranged  as in  the  fo l lowing  examples.
SAFETY HAT AREA DO NOT ENTER WITHOUT APPROVED HARD HAT
NOISE EXPOSURE AREA HEARING PROTECTION REQUIRED
CAUTION SLIPPERY FLOORS PROCEED WITH CAUTION
EYE PROTECTION REQUIRED DANGERGREASE AND ELECTRICAL FIRE HAZARD AVOID OPEN FLAMES, EXCESSIVE HEAT, AND SPARKS IN CASE OF FIRE, USE CHEMICAL EXTINGUISHERS
WARNING OPEN PIT PROCEED WITH CAUTION
DANGER HAZARDOUS AREA PERMIT REQUIRED FOR ENTRY
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I f  r e s p i r a t o r y  p r o t e c t i o n  i s  n e c e s s a ry ,  the  fo l low ing  s t a t e m e n t ,  i n  l a r g e  l e t t e r s ,  should be added to  any o t h e r  i n fo rm a t io n  on a s ig n .
RESPIRATORY PROTECTION REQUIRED IN THIS AREA
T ra in in g  Workers and Informing Them of Hazards
Companies with  s u p e r io r  s a f e t y  performances  have s a f e t y  e v a l u a t i o n  programs t h a t  a n t i c i p a t e  and manage p o t e n t i a l  h a z a rd s .  These companies have a s t r o n g  management commitment to  s a f e t y ,  a r e  c h a r a c t e r i z e d  by a s a f e t y  program i n t e g r a t e d  i n t o  the  l a r g e r  management system, and they dea l  w ith  s a f e t y  as an i n t r i n s i c  p a r t  o f  p l a n t  o p e ra t io n s  [47].
T ra in in g  should be r e p e a te d  a t  l e a s t  annua l ly  t o  r e i n f o r c e  e s t a b l i s h e d  s a f e  work p r a c t i c e s  and t o  upda te  worker knowledge of  changes in  work p r a c t i c e s ,  p e r so na l  p r o t e c t i v e  equipment,  and p rocess  m o d i f i c a t i o n s .
The employer should:
(a )  Ensure t h a t  workers can perform t h e i r  a s s igned  t a s k s  s a f e l y  b e f o r e  a l lowing  them to  p a r t i c i p a t e  in  a r en d e r in g  o p e ra t io n  withou t  d i r e c t  s u p e r v i s i o n .
(b )  Ensure t h a t  a c o n t in u in g  t r a i n i n g  program i s  conducted a t  l e a s t  annua l ly  t h a t  i nc lud es  formal i n s t r u c t i o n  by persons q u a l i f i e d  by t r a i n i n g  or  e x p e r i en c e .
(c )  Ensure t h a t  a t  l e a s t  one person  on each s h i f t  i s  t r a i n e d  and c e r t i f i e d  in  f i r s t  a i d .  F i r s t - a i d  t r a i n i n g  should in c lu d e ,  as a minimum, com ple t ion  of  an approved f i r s t - a i d  t r a i n i n g  c ou rs e .
(d)  Ensure t h a t  workers a re  informed both  o r a l l y  and in  w r i t i n g  o f  t he  s a f e t y  r u l e s  e s t a b l i s h e d  a t  t h e i r  r e n d e r in g  f a c i l i t y .  Those r u l e s  should p rov ide  s a fe  s t a nd a rd  o p e r a t in g  p rocedures  fo r  a l l  a c t i v i t i e s  performed in  the  p l a n t .  Workers should a l s o  be informed o r a l l y  of  the  haza rd s  of  each r e n de r in g  o p e r a t i o n .
(e )  Ensure t h a t  a l l  new workers a re  t r a i n e d  i n  a t  l e a s t  the se  f i v e  s u b j e c t s .
(1) The s p e c i f i c  job fu n c t i o n  of  the  worker.
(2) The g en e ra l  hazards  of  the  r e n d e r in g  p l a n t s ,  inc lu d in g  p o t e n t i a l  sources  of  mechanical  i n j u r y  and e f f e c t s  o f  e x c e s s iv e  h e a t  and n o i s e ,  chem ica ls ,  decomposit ion  g as es ,  and i n f e c t i o u s  ag e n t s .
(3) The p rope r  use and maintenance  of  p r o t e c t i v e  equipment,  i n c lu d in g  r e s p i r a t o r s ,  when a p p l i c a b l e .
(4) C or rec t  housekeeping p r a c t i c e s .
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(5) Emergency p rocedures  f o r  f i r e s ,  chemical  l e a k s ,e l e c t r i c a l  m a l fu n c t io n s ,  and e vacu a t ion  o f  d i s a b l e d  workers .
( f )  Ensure t h a t  s e l e c t e d  workers on each s h i f t  a l s o  r e c e iv et r a i n i n g  in  f i r s t - a i d  p ro ced u res ,  f i r e f i g h t i n g ,  chemical  l e a k s ,  and en t ry  i n t o  conf ined  spaces .
I n d u s t r i a l  Safe ty  and Heal th  Surveys and Monito ring
To ensure  t h a t  workers a r e  not  exposed to  hazardous c o n d i t i o n s ,  the  workplace  should be surveyed p e r i o d i c a l l y .  I n d u s t r i a l  s a f e t y  and h e a l t h  surveys  should be conducted acco rd ing  to  the  fo l low ing  g u i d e l i n e s .
(a )  The surveys should determine  the  adequacy o f :  i l l u m i n a t i o n  i na l l  a r e a s  of  the  p l a n t ;  guard ing  f o r  p i t s ,  e l e v a t e d  p l a t f o r m s ,  s t a i r s ,and machines and o th e r  p roce ss  equipment;  g en e ra l  and l o c a l  exhaus tv e n t i l a t i o n ;  e l e c t r i c a l  w i r in g  and equipment;  n o i se  c o n t r o l ;  hea t  c o n t r o l ;  f i r e  p r e v e n t io n  and steam l i n e  i n s u l a t i o n ;  chemical  s to r a g e  p ro ced u res ;  p o s t i n g  o f  i n fo rm a t io n ;  g en e ra l  p l a n t  s a n i t a t i o n ;  p e r so na l  p r o t e c t i v e  equipment;  t r a i n i n g  programs; and reco rdkeep ing .
(b)  I n d u s t r i a l  s a f e t y  and h e a l t h  surveys  should i d e n t i f y  where workers a re  exposed to  hazardous c o n d i t i o n s .  I f  the  employer concludes  t h a t  t h e r e  a re  no a r e a s  where exposure to  hazardous c o n d i t i o n s  o cc u r s ,  the  re c o r d s  should s t a t e  t he  b a s i s  fo r  t h i s  c o n c lu s io n .  Surveys should be r e p e a t e d  a t  l e a s t  ann u a l ly  and w i t h in  30 days a f t e r  any p rocess  change l i k e l y  to  c r e a t e  a h aza rd .
(c )  I f  i t  has been determined  t h a t  exposure to  hazardous c o n d i t i o n s  e x i s t s ,  the  employer should i n s t i t u t e  a program of p e r s o n a l  m on i to r ing  to  i d e n t i f y  and measure,  o r  t o  perm i t  c a l c u l a t i o n  o f ,  t he  exposure  of  each worker.  Source and a rea  m on i to r ing  might  be used to  supplement p e r so na l  m o n i to r in g .
(1) In  a l l  p e r s o n a l  m o n i to r ing ,  samples r e p r e s e n t a t i v e  of  exposure in the  b r e a t h in g  zone of  the  worker should be c o l l e c t e d .  All  n o i s e  measurements should be made w i th  the  so u n d - l ev e l  meter  or  no i se  dos im e te r  in  a l o c a t i o n  c l o s e l y  approximat ing  the  n o i s e  l e v e l s  a t  the  w o rk e r ' s  head dur ing  normal o p e r a t i o n s .
(2) I f  a worker i s  found to  be exposed to  hazardous  agen ts  exceeding  recommended l i m i t s ,  h i s  o r  h e r  exposure  should be measured f r e q u e n t l y ,  c o n t r o l  measures should be i n i t i a t e d ,  and the  worker should be n o t i f i e d  of  the  exposure  and c o n t r o l  measures.  A cce le ra ted  m on i to r ing  should be cons ide red  u n t i l  r e s u l t s  i n d i c a t e  t h a t  the  c o n t r o l  measures a re  e f f e c t i v e  and t h a t  the  w o rk e r ' s  exposure  no longer  exceeds the  recommended o cc u p a t io n a l  exposure l i m i t .  Rout ine  m on i to r ing  may then be resumed.
(d)  Some o cc u pa t io n a l  haza rd s  in  the  r e n d e r in g  p ro c e s s ,  p r i m a r i l y  those  r e l a t e d  to  s a f e t y ,  cannot be monitored as d i s c u s s e d  above.  When
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such  haza rd s  a r e  i d e n t i f i e d  i n  the  i n d u s t r i a l  s a f e t y  and h e a l t h  su rvey ,  the  employer should n o t i f y  workers of  the  hazardous c o n d i t i o n ,  p os t  the  a r e a ,  and i n i t i a t e  c o r r e c t i v e  a c t i o n .  I n c r e a s i n g l y  f r eq u en t  s a f e t y  su rveys  should be cons ide red  u n t i l  the  hazardous c o n d i t i o n  i s  c o r r e c t e d .
Recordkeeping
Accura te  reco rdkeep ing  o f  su rv e y s ,  medical  e xam ina t ions ,  and o th e r  p e r t i n e n t  m a t e r i a l  w i l l  enab le  the  employer to  a s s e s s  t he  e f f i c i e n c y  of t h e  p l a n t ' s  c o n t r o l  program.
(a )  These re c o rd s  should be kept  fo r  a t  l e a s t  5 y ea r s  a f t e rt e r m in a t io n  o f  employment.
(b)  Records should i n c lu d e :  i d e n t i f i c a t i o n  of  the  worker beingm oni to red ;  d u t i e s  and job l o c a t i o n s  w i th i n  the  w o r k s i t e ,  t imes and d a t e s  o f  sampling and a n a l y t i c a l  methods used ,  and a v a i l a b l e  evidence  of  t h e i r  p r e c i s i o n  and accu racy ;  the  number, d u r a t i o n ,  and a n a l y t i c a l  r e s u l t s  o f  samples t aken ;  and p e r so n a l  p r o t e c t i v e  equipment used by the  worker.Records o f  s a f e t y  su rveys  should c l e a r l y  i d e n t i f y  and d e s c r i b e  anyhazardous  c o n d i t i o n  and s t a t e  the  c o r r e c t i v e  a c t i o n  t aken .
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IV. WORKER TRAINING AND EDUCATION
Because r e n d e r in g  o p e ra t io n s  invo lve  p o t e n t i a l  haza rds  to  s a f e t y  andh e a l t h ,  p rope r  t r a i n i n g  and e du ca t ion  of  workers i s  v i t a l .  Acomprehensive,  w e l l -o rg a n i z e d  t r a i n i n g  program e nab le s  t he  employer toeduca te  new workers in  s a fe  work p r a c t i c e s  and t echn iques  from the  beg inn ing  of t h e i r  employment. Such t r a i n i n g  h e lp s  to  e s t a b l i s h  ap o s i t i v e  employer-worker r e l a t i o n s h i p  by dem ons t ra t ing  the  em ployer 's  concern  f o r ,  and commitment t o ,  sa fe  work p r a c t i c e s .
T ra in in g  Methods, Need and Frequency,  E v a lu a t io n ,  and O b je c t iv e s
(a )  Methods
Workers can be t r a i n e d  most e f f e c t i v e l y  w h i le  on the  jo b .  Q u a l i f i e d  per sonne l  e x p l a i n  and demonst ra te  p a r t  o f  the  t a s k ,  and then  the  worker i sal lowed to  do i t .  As the  worker develops p r o f i c i e n c y ,  o t h e r  work segmentsmay be added.  Each new s t e p  r e q u i r e s  c lo s e  s u p e r v i s i o n  u n t i l  the  worker i s  judged competent  to  perform h i s  t a s k s  p r o f i c i e n t l y  and s a f e l y .
(b) Need and Frequency
The employer must ensure  t h a t  a l l  workers can perform t h e i r  in tended  t a s k s  s a f e l y  b efo re  a l lowing  them to  work in  ren d e r in g  o p e r a t io n s  w i thou t  immediate s u p e r v i s i o n .  The need and frequency fo r  a d d i t i o n a l  t r a i n i n g  w i l l  vary  depending on the  i n d i v i d u a l ,  the  complexity  o f  the  t a s k ,  and the  n a tu r e  of  t he  o p e r a t i o n ' s  h az a rd .  F i r s t - l i n e  s u p e r v i s o r s  may be the  b e s t  judges  of  when and in  what a rea s  workers need a d d i t i o n a l  t r a i n i n g ,  becausethey can obse rve  the  workers f r e q u e n t l y  and be f a m i l i a r  w i th  t h e i r  workh a b i t s  and performance.  These s u p e r v i s o r s  a re  a l s o  l i k e l y  t o  be b e s t  ab le  t o  sugges t  how worker a c c id e n t s  might  be minimized,  s in c e  they u s u a l l y  have f i r s t - h a n d  knowledge of  the  c i r cu m s tan ces .
(c )  E v a lu a t ion
E v a lu a t io n s  of  worker s a f e t y  per formance should be conducted by f i r s t - l i n e  s u p e r v i s o r s  who a re  b e s t  ab le  to d i s c e r n  whether workers adhere  to  e s t a b l i s h e d  work p r a c t i c e s  and s a f e l y  perform t h e i r  p a r t i c u l a r  t a s k s .  W r i t t en  t e s t s  or  check s h e e t s  may be used in  con jun c t io n  with  t r a i n i n g  and e v a l u a t i n g  p ro ce d u re s .  The success  of  the  t r a i n i n g  program depends on p a r t i c i p a t i o n  and p o s i t i v e  m o t iv a t io n  by management.
(d)  Goals
S p e c i f i c  goa ls  should be e s t a b l i s h e d  fo r  each problem a rea  in  o p e r a t io n s  fo r  which t r a i n i n g  i s  o f f e r e d ,  i n c lu d in g  the  fo l lowing :
(1) The worker should know t h a t  a l e a d in g  cause of  a c c i d e n t s  in r en d e r in g  o p e ra t io n s  a re  unsa fe  walking-working s u r f a c e s .  Workers should
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know t h a t  t he  frequency of s l i p s  and f a l l s  can be reduced by u s ing  p roper  f l o o r  m a t e r i a l s  and footwear .  Workers should be aware of  s p e c i a l  haza rds  a s s o c i a t e d  w i th  unguarded p i t s  and e le v a te d  work s t a t i o n s  in  r e n de r in g  o p e r a t i o n s .
(2) In  the  t r a i n i n g  program, the  worker should be warned t h a t  hand t o o l s  a r e  a major source  of  i n ju r y  in  r e n d e r in g  o p e r a t i o n s ,  e s p e c i a l l y  where whole c a r c a s s e s  a re  cu t  with  knives or  axes ,  and i n  many maintenance  o p e r a t i o n s .  The worker should unders tand  the  purposes of  the  p r o t e c t i v e  dev ice s  a v a i l a b l e ,  which,  i f  used p r o p e r ly ,  w i l l  minimize ore l i m i n a t e  i n j u r i e s .  The worker should know how to  p ro p e r ly  s e l e c t  and f i t  mesh g lo v e s ,  arm gua rds ,  and p r o t e c t i v e  aprons .  They should unders tandt h a t  p r o p e r ly  used mechanica l  a id s  to  l i f t  or  t r a n s p o r t  o b j e c t s  can he lpre duce  th e  inc iden ce  of  i n j u r y .  I f  manual l i f t i n g  i s  n e c e s s a r y ,  a job a n a l y s i s  should be performed b e f o r e  any l i f t i n g  i s  done.  The worker shou ld  be f u l l y  aware t h a t  the  use  of  t he se  techn iques  w i l l  minimize the  chances  o f  s t r a i n s ,  s p r a i n s ,  and o th e r  i n j u r i e s .
(3) Workers should be g iven s a f e t y  o r i e n t a t i o n ,  in  whichp o t e n t i a l  haza rd s  in  the  ren de r in g  f a c i l i t y  a re  po in ted  o u t ,  eg,  ho t  p ro ce s s  equipment ,  e l e c t r i c a l  equipment,  conf ined  s p a ce s ,  and chemical  s t o r a g e  a r e a s .  The worker should know the  hazards  a s s o c i a t e d  with  each chemical  he uses  and the  p rope r  p rocedures  fo r  h an d l in g  such m a t e r i a l s .  He should  a l s o  know the  s igns  and symptoms a s s o c ia t e d  w ith  i l l n e s s e s  t h a t  might  r e s u l t  from c o n t a c t  with  i n f e c t i o u s  agen ts  in  h i s  r e n de r in g  o p e r a t i o n ,  and know how th e se  d i s e a s e s  can be t r a n s m i t t e d .
(4) Workers should know emergency p lans  and procedures  fo r  f i r e f i g h t i n g ,  c le a n in g  up chemical  l e a k s ,  and e n t e r i n g  conf ined  spaces .  Workers who use  r e s p i r a t o r y  p r o t e c t i v e  equipment should know how to  use and m a in t a in  i t .
(5) Workers should know where t o  o b t a in  f i r s t  a i d .
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VI. APPENDIX
GLOSSARY OF TERMS USED IN RENDERING INDUSTRY
Blood meal -
C e n t r i f u g e  -
Cont inuous  r e n d e r in g  -
Cooker,  ba tch  -
C ra c k l ing s  -
C rushe r ,  G r in d e r ,  Hogger, P r e - b r e a k e r ,  e t c .
Ed ib le  f a t  -  
Fa t  p roduc ts  -  




A p r o t e i n  p roduc t  c o n s i s t i n g  of  d r i ed  blood so l  i d s .
Machine u s ing  c e n t r i f u g a l  fo rce  fo r  s e p a r a t i n g  m a t e r i a l s  of  d i f f e r e n t  d e n s i t i e s .
This i s  synonymous w i th  con t inuous cooking .  The raw m a t e r i a l  i s  fed c o n t in u o u s ly  to  the  cooking d ev ice ,  and the cooked m a t e r i a l  d i s c h a r g e s  e s s e n t i a l l y  a t  a c o n s t a n t  r a t e .
H o r i z o n t a l ,  s t e am - jac k a te d  c y l i n d e requipped wi th  a mechanical  a g i t a t o r .  The ba tch  cooker fo l lows a r e p e t i t i v e  cyc le :  i t  i s  charged w ith  the  p rope r  amount of  raw m a t e r i a l ,  d ehydra te s  t h i s  m a t e r i a l  and f i n a l l y  d i s c h a rg e s  the  cooked m a t e r i a l .
S o l id  p r o t e i n  m a t e r i a l  d i scha rged  from screw p re s s  a f t e r  removal  o f  l i q u i d  f a t .
Machine c o n ta in in g  b lad es  or  kn ives  which reduce  raw m a t e r i a l  to  a r e l a t i v e l y  uni fo rm s i z e .
Fat  taken  from e d i b l e  p a r t s  of the  animal.  
I n e d i b l e  t a l l o w  or g r e a s e .
P r o t e i n  p roduct  a l s o  known as hydro lyzed  p o u l t r y  f e a t h e r s .
A f a t  p roduct  w i th  a t i t e r  l e s s  than  40 .0  degrees  c e n t i g r a d e .
Chemical r e a c t i o n  w ith  w ate r  t o  b reak  down the  i n d i g e s t i b l e  p r o t e i n  o f  p o u l t r y  f e a th e r s  i n t o  a d i g e s t i b l e  form.
A f a t  ob ta ined  by r e n d e r in g  the  f a t  removed from v a r io u s  e d i b l e  t i s s u e s  of  p igs ( h o g s ) .
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Meat-and-bone meal -  
Meat meal -  
O f f a l  -
P r e s s u r e  l e a f  f i l t e r  •
Raw m a t e r i a l  -  
Render ing ,  d ry  -
R e s t a u r a n t  g rease  -  
Screw p re s s  -
Tallow -
I n e d i b l e  Tallow
E d ib le  Tallow 
Tankage -  
T i t e r  -
Wet s c ru b be r  -  
Zoonotic d i s e a s e  -
Dry rendered  p r o t e i n  p roduc t  from mammalt i s s u e s  with  more than  4.4% phosphorus .
Dry rendered  p r o t e i n  p roduct  from mammalt i s s u e s  wi th  4.4% or l e s s  phosphorus .
A ll  m a t e r i a l  from the  a n i m a l ' s  body c a v i t y  used fo r  i n e d ib l e  r e n d e r in g .
Machine fo r  removal  o f  s o l i d s  from l i q u i d s  where a f i l t e r  c l o t h  mounted on a s e r i e s  of  l eaves  or  p l a t e s  i s  capab le  of  accumula t ing  a s o l i d  cake as p r e s s u re  i s  app l ie d  c o n t i n u o u s l y .
A l l  m a t e r i a l  from animal and p o u l t r y  sources  used fo r  i n e d i b l e  r e n d e r in g .
The p rocess  of  r e l e a s i n g  f a t  by dehydra t ing  raw m a t e r i a l  in  a ba tch  cooker or  con t inuous  r e n d e r in g  system with  no d i r e c t  a d d i t i o n  of  steam or w a te r .
A was te  f a t  m a t e r i a l  ob ta ined  p r i m a r i l y  from f a s t  food r e s t a u r a n t s .
Machine used to  s e p a r a t e  f a t  from tankage  con t in u o u s ly  by app ly ing  the  r e q u i r e d  p r e s s u r e  w ith  a r o t a t i n g  screw.
Fat  ob ta ined  from the  i n e d i b l e  body t i s s u e s  of  c a t t l e  and sheep.  Animal f a t  p roduct  w i th  a t i t e r  of  40 .0  deg rees  c e n t ig r a d e  or  h ig h e r .
Fat  o b ta in ed  from the  e d i b l e  p a r t s  of  c a t t l e  and sheep.
Cooked m a t e r i a l  remaining a f t e r  the  l i q u i d  f a t  i s  d ra ined  and s e p a r a t e d .
An a n a l y t i c a l  measurement used to  i n d i c a t e  the  hardness  or  s o f t n e s s  of  f a t s .  I t  i s  exp ressed  i n  degrees  c e n t i g r a d e .
P o l l u t i o n  c o n t r o l  dev ice  fo r  c o n t a c t i n g  a i r  exhaus ted  from r e n d e r in g  p l a n t  w ith  a water  s o l u t i o n  c o n t a i n in g  d eo d o r iz ing  chem ica ls .
A d i s e a s e  t h a t  can be t r a n s m i t t e d  from animals  to  man.
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